FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING
FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 2011

SECTION 23 05 00 - COMMON WORK RESULTS FOR HVAC

PART | - GENERAL

1.1 SUMMARY

A.  This Section includes the following:

Transition fittings.

Dielectric fittings.

Mechanical sleeve seals.

Sleeves.

Grout.

Equipment installation requirements common to equipment sections.
Painting and finishing,

Concrete bases.

Supports and anchorages.
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B.  General: Work shall be performed in accordance with these specifications and good practice.
No modifications to these specifications will be accepted without the expressed written approval
of the COTR. It is the Contractor's responsibility to document COTR's approval of any such
modifications prior to the execution of work. Requirements of these Specifications modified by
any addenda, change orders, written approvals and written instructions issued by the COTR, if
any, shall be as specifically identified by Section and Paragraph in those addenda, change
orders, written approvals and written instructions. Approvals of submittals are subject to
additional limitations described elsewhere in these Specifications. System concept drawing
sheets are for information only to show potential system arrangement. Field verify information
contained on these drawings and is responsible for design and installation of the system in
accordance with the specifications. The bid drawings do not show all information necessary for
installation of the system, but are intended to be used as a guide for the purpose of designing the
systems and preparing a bid.

C.  Removal of Debris and Salvage: Remove rubbish and debris resulting from work on a daily
basis. Debris shall be disposed of offsite. Rubbish not removed by the Contractor will be
removed by the FAA and back-charged to the Contractor. Removal of debris and rubbish from
the premises shall be coordinated with the COTR.

1.2 DEFINITIONS
A.  Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces,
pipe and duct chases, unheated spaces immediately below roof, spaces above ceilings,

unexcavated spaces, crawlspaces, and tunnels.

B.  Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied
spaces and mechanical equipment rooms.
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1.3

Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient
temperatures and weather conditions. Examples include rooftop locations.

The following are industry abbreviations for plastic materials:
1. CPVC: Chlorinated polyvinyl chloride plastic.

Z. PE: Polyethylene plastic.

3. PVC: Polyvinyl chloride plastic.

The following are industry abbreviations for rubber materials:
I: EPDM: Ethylene-propylene-diene terpolymer rubber.
2, NBR: Acrylonitrile-butadiene rubber.

SUBMITTALS

Product Data: For the following:

Transition fittings.

i

2, Dielectric fittings.

3. Mechanical sleeve seals.
4, Escutcheons.

Welding certificates.

Coordination Drawings: In addition to all submittal requirements indicated in this Division, the
contractor shall comply with coordination drawing requirements in specification 01 40 10 —
“Contractor-Prepared Coordination Drawings.” including 3D BIM requirements.

QUALITY ASSURANCE

Steel Support Welding: Qualify processes and operators according to AWS D1.1, "Structural
Welding Code--Steel."

COORDINATION

Arrange for pipe spaces, chases, slots, and openings in building structure during progress of
construction, to allow for HVAC installations.

Coordinate installation of required supporting devices and set sleeves in poured-in-place
concrete and other structural components as they are constructed.

Coordinate requirements for access panels and doors for HVAC items requiring access that are
concealed behind finished surfaces. Access panels and doors are specified in Section 08 31 13
"Access Doors and Frames."
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PART 2 - PRODUCTS

2.1

A.

22

23

24

MANUFACTURERS

In other Part2 articles where subparagraph titles below introduce lists, the following
requirements apply for product selection:

1. Known Acceptable Source: Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the manufacturers specified.

PIPE, TUBE, AND FITTINGS

Refer to individual Division 23 piping Sections for pipe. tube, and fitting materials and joining
methods.

Pipe Threads: ASME B1.20.1 for factory-threaded pipe and pipe fittings.

JOINING MATERIALS
Refer to individual Division 23 piping Sections for special joining materials not listed below.

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to
ASTM B 813.

Brazing Filler Metals: AWS AS5.8, BCuP Series, copper-phosphorus alloys for general-duty
brazing, unless otherwise indicated; and AWS A5.8, BAgl, silver alloy for refrigerant piping,
unless otherwise indicated.

Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for wall
thickness and chemical analysis of steel pipe being welded.

Solvent Cements for Joining Plastic Piping:
1. PVC Piping: ASTM D 2564. Include primer according to ASTM F 656.
TRANSITION FITTINGS

Plastic-to-Metal Transition Fittings: | PVC one-piece fitting with manufacturer's Schedule 80
equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.

1 Known Acceptable Source:
a. Eslon Thermoplastics.

Plastic-to-Metal Transition Adaptors: One-piece fitting with manufacturer's SDR 11 equivalent
dimensions; one end with threaded brass insert, and one solvent-cement-joint end.

COMMON WORK RESULTS FOR HVAC 230500-3



FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING

FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 2011
L. Known Acceptable Source:
a. Thompson Plastics, Inc.

C.  Plastic-to-Metal Transition Unions: MSS SP-107, PVC four-part union. Include brass end,
solvent-cement-joint end, rubber O-ring, and union nut,

L. Known Acceptable Source:

a. NIBCO INC.

25 DIELECTRIC FITTINGS

A.  Description: Combination fitting of copper alloy and ferrous materials with threaded, solder-
joint, plain, or weld-neck end connections that match piping system materials.

B.  Insulating Material: Suitable for system fluid, pressure, and temperature.

C.  Dielectric Unions: Factory-fabricated, union assembly, for 250-psig minimum working
pressure at 180 deg F.

1. Known Acceptable Source:

Capitol Manufacturing Co.

Central Plastics Company.

Eclipse, Inc.

Epco Sales, Inc.

Hart Industries, International, Inc.

Watts Industries, Inc.; Water Products Div.
Zurn Industries, Inc.; Wilkins Div.
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D.  Dielectric Flanges: Factory-fabricated, companion-flange assembly, for 150- or 300-psig
minimum working pressure as required to suit system pressures.

I. Known Acceptable Source:
a. Capitol Manufacturing Co.
b. Central Plastics Company.
€ Epco Sales, Inc.
d. Watts Industries, Inc.; Water Products Div.

E.  Dielectric-Flange Kits: Companion-flange assembly for field assembly. Include flanges, full-
face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic
washers, and steel backing washers.

L. Known Acceptable Source:

a. Advance Products & Systems, Inc.
b. Calpico, Inc.
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o Central Plastics Company.
d. Pipeline Seal and Insulator, Inc.
2 Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig

minimum working pressure where required to suit system pressures.

F. Dielectric Couplings: Galvanized-steel coupling with inert and noncorrosive, thermoplastic
lining; threaded ends; and 300-psig minimum working pressure at 225 deg F.

l. Known Acceptable Source:

a. Calpico, Inc.
b. Lochinvar Corp.

G.  Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, thermoplastic lining;
plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F.

1. Known Acceptable Source:
a. Perfection Corp.
b. Precision Plumbing Products, Inc.
c. Sioux Chief Manufacturing Co., Inc.

2.6 MECHANICAL SLEEVE SEALS

A.  Description: Modular sealing element unit, designed for field assembly, to fill annular space
between pipe and sleeve.

1. Known Acceptable Source:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
¢ Metraflex Co.
d. Pipeline Seal and Insulator, Inc.

2, Sealing Elements: EPDM interlocking links shaped to fit surface of pipe. Include type
and number required for pipe material and size of pipe.

< Pressure Plates: Stainless steel. Include two for each sealing element.

4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to
sealing elements. Include one for each sealing element.

2.1 SLEEVES

A. Galvanized-Steel Sheet: 0.0239-inch minimum thickness; round tube closed with welded
longitudinal joint.

B.  Steel Pipe: ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.
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C.

2.8

A.

Stack Sleeve Fittings: Manufactured, cast-iron sleeve with integral clamping flange. Include
clamping ring and bolts and nuts for membrane flashing.

14 Underdeck Clamp: Clamping ring with set screws.

GROUT
Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.

. Characteristics: Post-hardening, volume-adjusting, nonstaining, noncorrosive,
nongaseous, and recommended for interior and exterior applications.

2. Design Mix: 5000-psi, 28-day compressive strength.

3 Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1

A.

B.

C,

D.

32

A.

B.

33

A.

EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

Install equipment to allow maximum possible headroom unless specific mounting heights are
not indicated.

Install equipment level and plumb, parallel and perpendicular to other building systems and
components in exposed interior spaces, unless otherwise indicated.

Install HVAC equipment to facilitate service, maintenance, and repair or replacement of
components. Connect equipment for ease of disconnecting, with minimum interference to other

installations. Extend grease fittings to accessible locations.

Install equipment to allow right of way for piping installed at required slope.

PAINTING

Painting of HVAC systems, equipment, and components is specified in Section 09 91 00
"Painting."

Damage and Touchup: Repair marred and damaged factory-painted finishes with materials and
procedures to match original factory finish.
CONCRETE BASES

Concrete Bases: Anchor equipment to concrete base according to equipment manufacturer's
written instructions and according to seismic codes at Project.

I. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both
directions than supported unit.
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3.4

35
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Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated,
install dowel rods on 18-inch centers around the full perimeter of the base.

Install epoxy-coated anchor bolts for supported equipment that extend through concrete
base, and anchor into structural concrete floor.

Place and secure anchorage devices. Use supported equipment manufacturer's setting
drawings, templates, diagrams, instructions, and directions furnished with items to be
embedded.

Install anchor bolts to elevations required for proper attachment to supported equipment.
Install anchor bolts according to anchor-bolt manufacturer's written instructions.

Use 3000-psi, 28-day compressive-strength concrete and reinforcement as specified in
Section 03 30 00 "Cast-in-Place Concrete."

ERECTION OF METAL SUPPORTS AND ANCHORAGES

Refer to Section 05 50 00 "Metal Fabrications" for structural steel.

Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation
to support and anchor HV AC materials and equipment.

Field Welding: Comply with AWS DI1.1.

GROUTING

Mix and install grout for HVAC equipment base bearing surfaces, pump and other equipment
base plates, and anchors.

Clean surfaces that will come into contact with grout.

Provide forms as required for placement of grout.

Avoid air entrapment during placement of grout.

Place grout, completely filling equipment bases.

Place grout on concrete bases and provide smooth bearing surface for equipment.

Place grout around anchors.

Cure placed grout.

END OF SECTION 23 05 00
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SECTION 23 05 93 - TESTING, ADJUSTING, AND BALANCING

PART 1 - GENERAL

1.1 SUMMARY
A, Section Includes:
5 Balancing Air Systems:

a. Constant-volume air systems.

1.2 DEFINITIONS

A. AABC: Associated Air Balance Council.

B.  NEBB: National Environmental Balancing Bureau.

C.  TAB: Testing, adjusting, and balancing.

D.  TABB: Testing, Adjusting, and Balancing Bureau.

E.  TAB Specialist: An entity engaged to perform TAB Work.

1.3 SUBMITTALS
A Qualification Data: Within 45 days of Contractor's Notice to Proceed, submit documentation
that the TAB contractor and this Project's TAB team members meet the qualifications specified
in "Quality Assurance" Article.

B. Contract Documents Examination Report: Within 45 days of Contractor's Notice to Proceed,
submit the Contract Documents review report as specified in Part 3.

C.  Strategies and Procedures Plan: Within 90 days of Contractor's Notice to Proceed, submit TAB
strategies and step-by-step procedures as specified in "Preparation” Article.

D.  Certified TAB reports.

E.  Sample report forms.

F. Instrument calibration reports, to include the following:
1. Instrument type and make.
2, Serial number.
3. Application.
4. Dates of use.
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5. Dates of calibration.

1.4 QUALITY ASSURANCE
A.  TAB Contractor Qualifications: Engage a TAB entity certified by AABC NEBB or TABB.

I TAB Field Supervisor: Employee of the TAB contractor and certified by AABC NEBB
or TABB.

2. TAB Technician: Employee of the TAB contractor and who is certified by AABC NEBB
or TABB as a TAB technician.

B.  TAB Conference: Meet with COTR and Commissioning Authority on approval of the TAB
strategies and procedures plan to develop a mutual understanding of the details. Require the
participation of the TAB field supervisor and technicians. Provide seven days' advance notice
of scheduled meeting time and location.

l; Agenda Items:
a. The Contract Documents examination report.
b. The TAB plan.
e, Coordination and cooperation of trades and subcontractors.
d. Coordination of documentation and communication flow.

C.  Certify TAB field data reports and perform the following:

1. Review field data reports to validate accuracy of data and to prepare certified TAB
reports.

2. Certify that the TAB team complied with the approved TAB plan and the procedures
specified and referenced in this Specification.

D. TAB Report Forms: Use standard TAB contractor's forms approved by COTR
andCommissioning Authority.

E. Instrumentation Type, Quantity, Accuracy, and Calibration: As described in ASHRAE 111,
Section 5, "Instrumentation."

1.5 COORDINATION

A.  Notice: Provide seven days' advance notice for each test. Include scheduled test dates and
times.

B.  Perform TAB after leakage and pressure tests on air and water distribution systems have been
satisfactorily completed.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION
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3.1 EXAMINATION

A.  Examine the Contract Documents to become familiar with Project requirements and to discover
conditions in systems' designs that may preclude proper TAB of systems and equipment.

B.  Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify
that locations of these balancing devices are accessible.

C.  Examine the approved submittals for HVAC systems and equipment.

D.  Examine design data including HVAC system descriptions, statements of design assumptions
for environmental conditions and systems' output, and statements of philosophies and
assumptions about HVAC system and equipment controls.

E; Examine equipment performance data including fan and pump curves.

1. Relate performance data to Project conditions and requirements, including system effects
that can create undesired or unpredicted conditions that cause reduced capacities in all or
part of a system.

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when
installed under conditions different from the conditions used to rate equipment
performance. To calculate system effects for air systems, use tables and charts found in
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."
Compare results with the design data and installed conditions.

F. Examine system and equipment installations and verify that field quality-control testing,
cleaning, and adjusting specified in individual Sections have been performed.

G.  Examine test reports specified in individual system and equipment Sections.

H.  Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned
and tight, and equipment with functioning controls is ready for operation.

L Examine strainers. Verify that startup screens are replaced by permanent screens with indicated
perforations.

T Examine operating safety interlocks and controls on HVAC equipment.

K. Report deficiencies discovered before and during performance of TAB procedures. Observe
and record system reactions to changes in conditions. Record default set points if different from
indicated values.

32 PREPARATION
A.  Prepare a TAB plan that includes strategies and step-by-step procedures.
B.  Complete system-readiness checks and prepare reports. Verify the following:

L. Permanent electrical-power wiring is complete.
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2 Automatic temperature-control systems are operational.
3. Equipment and duct access doors are securely closed.

33 GENERAL PROCEDURES FOR TESTING AND BALANCING

3.4
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Perform testing and balancing procedures on each system according to the procedures contained

in AABC's "National Standards for Total System Balance" ASHRAE 111 NEBB's "Procedural

Standards for Testing, Adjusting, and Balancing of Environmental Systems" or SMACNA's

"HVAC Systems - Testing, Adjusting, and Balancing" and in this Section.

1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing."

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the

minimum extent necessary for TAB procedures.

1. After testing and balancing, install test ports and duct access doors that comply with
requirements in Section 23 33 00 "Air Duct Accessories."

2 Install and join new insulation that matches removed materials. Restore insulation,
coverings, vapor barrier, and finish according to Section 23 07 00 "HVAC Insulation."

Mark equipment and Bjalancing devices, including damper-control positions, valve position

indicators, fan-speed-control levers, and similar controls and devices, with paint or other

suitable, permanent identification material to show final setti ngs.

Take and report testing and balancing measurements in inch-pound (IP) units.

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and
recommended testing procedures. Crosscheck the summation of required outlet volumes with
required fan volumes.

Prepare schematic diagrams of systems' "as-built" duct layouts.

Determine the best locations in main and branch ducts for accurate duct-airflow measurements.
Locate start-stop and disconnect switches, electrical interlocks, and motor starters.

Verify that motor starters are equipped with properly sized thermal protection.

Check dampers for proper position to achieve desired airflow path.

Check for airflow blockages.

Check condensate drains for proper connections and functioning.

Check for proper sealing of air-handling-unit components.

Verify that air duct system is sealed as specified in Section 23 31 13 "Metal Ducts."
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3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

A.  Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by
fan manufacturer.

il Measure total airflow.

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse
measurements, measure airflow at terminal outlets and inlets and calculate the total
airflow.

2. Measure fan static pressures as follows to determine actual static pressure:
a. Measure outlet static pressure as far downstream from the fan as practical and

upstream from restrictions in ducts such as elbows and transitions.
Measure static pressure directly at the fan outlet or through the flexible connection.

C; Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as
possible, upstream from the flexible connection, and downstream from duct
restrictions.

d. Measure inlet static pressure of double-inlet fans through the wall of the plenum

that houses the fan.

3. Measure static pressure across each component that makes up an air-handling unit,
rooftop unit, and other air-handling and -treating equipment.

a. Report the cleanliness status of filters and the time static pressures are measured.

4. Measure static pressures entering and leaving other devices, such as sound traps, heat-
recovery equipment, and air washers, under final balanced conditions.

3 Review Record Documents to determine variations in design static pressures versus

actual static pressures. Calculate actual system-effect factors. Recommend adjustments
to accommodate actual conditions.

6. Obtain approval from COTR andCommissioning Authority for adjustment of fan speed
higher or lower than indicated speed. Comply with requirements in Division 23 Sections
for air-handling units for adjustment of fans, belts, and pulley sizes to achieve indicated
air-handling-unit performance.

7. Do not make fan-speed adjustments that result in motor overload. Consult equipment
manufacturers about fan-speed safety factors. Modulate dampers and measure fan-motor

* amperage to ensure that no overload will occur. Measure amperage in full-cooling, full-
heating, economizer, and any other operating mode to determine the maximum required
brake horsepower.

B.  Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated
airflows within specified tolerances.

1. Measure airflow of submain and branch ducts.
a. Where sufficient space in submain and branch ducts is unavailable for Pitot-tube

traverse measurements, measure airflow at terminal outlets and inlets and calculate
the total airflow for that zone.
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2. Measure static pressure at a point downstream from the balancing damper, and adjust

volume dampers until the proper static pressure is achieved.
3. Remeasure each submain and branch duct after all have been adjusted. Continue to

adjust submain and branch ducts to indicated airflows within specified tolerances.
{ Measure air outlets and inlets without making adjustments.

1 Measure terminal outlets using a direct-reading hood or outlet manufacturer's written
instructions and calculating factors.

D.  Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of
indicated values. Make adjustments using branch volume dampers rather than extractors and
the dampers at air terminals.

1. Adjust each outlet in same room or space to within specified tolerances of indicated
quantities without generating noise levels above the limitations prescribed by the
Contract Documents.

2. Adjust patterns of adjustable outlets for proper distribution without drafts.

3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

A.  Compensating for Diversity: When the total airflow of all terminal units is more than the
indicated airflow of the fan, place a selected number of terminal units at a minimum set-point
airflow with the remainder at maximum-airflow condition until the total airflow of the terminal
units equals the indicated airflow of the fan. Select the reduced-airflow terminal units so they
are distributed evenly among the branch ducts.

B.  Pressure-Independent, Variable-Air-Volume Systems: After the fan systems have been
adjusted, adjust the variable-air-volume systems as follows:

1. Set outdoor-air dampers at minimum, and set return- and exhaust-air dampers at a
position that simulates full-cooling load.
2. Select the terminal unit that is most critical to the supply-fan airflow and static pressure.

Measure static pressure. Adjust system static pressure so the entering static pressure for
the critical terminal unit is not less than the sum of the terminal-unit manufacturer's
recommended minimum inlet static pressure plus the static pressure needed to overcome
terminal-unit discharge system losses.

3. Measure total system airflow. Adjust to within indicated airflow.

4. Set terminal units at maximum airflow and adjust controller or regulator to deliver the
designed maximum airflow. Use terminal-unit manufacturer's written instructions to
make this adjustment. When total airflow is correct, balance the air outlets downstream
from terminal units the same as described for constant-volume air systems.

5. Set terminal units at minimum airflow and adjust controller or regulator to deliver the
designed minimum airflow. Check air outlets for a proportional reduction in airflow the
same as described for constant-volume air systems.

a. If air outlets are out of balance at minimum airflow, report the condition but leave
outlets balanced for maximum airflow.
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3.7

3.8

3.9
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Remeasure the return airflow to the fan while operating at maximum return airflow and
minimum outdoor airflow.

a. Adjust the fan and balance the return-air ducts and inlets the same as described for
constant-volume air systems.

Measure static pressure at the most critical terminal unit and adjust the static-pressure
controller at the main supply-air sensing station to ensure that adequate static pressure is
maintained at the most critical unit.
Record final fan-performance data.

GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

Prepare test reports with pertinent design data, and number in sequence starting at pump to end
of system. Check the sum of branch-circuit flows against the approved pump flow rate

Prepare schematic diagrams of systems' "as-built" piping layouts.

Prepare hydronic systems for testing and balancing according to the following, in addition to the
general preparation procedures specified above:

e

&

Open all manual valves for maximum flow.

Check liquid level in expansion tank.

Check makeup water-station pressure gage for adequate pressure for highest vent.

Check flow-control valves for specified sequence of operation, and set at indicated flow.
Set differential-pressure control valves at the specified differential pressure. Do not set at
fully closed position when pump is positive-displacement type unless several terminal
valves are kept open.

Set system controls so automatic valves are wide open to heat exchangers.

Check pump-motor load. If motor is overloaded, throttle main flow-balancing device so
motor nameplate rating is not exceeded.

Check air vents for a forceful liquid flow exiting from vents when manually operated.

PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS

Balance systems with automatic two- and three-way control valves by setting systems at
maximum flow through heat-exchange terminals and proceed as specified above for hydronic
systems.

PROCEDURES FOR HEAT EXCHANGERS

Measure water flow through all circuits.

Adjust water flow to within specified tolerances.

Measure inlet and outlet water temperatures.

Measure inlet steam pressure.
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E.  Check settings and operation of safety and relief valves. Record settings.

3.10 PROCEDURES FOR MOTORS
A.  Motors, 1/2 HP and Larger: Test at final balanced conditions and record the following data:

Manufacturer's name, model number, and serial number.
Motor horsepower rating.

Motor rpm.

Efficiency rating.

Nameplate and measured voltage, each phase.
Nameplate and measured amperage, each phase.

Starter thermal-protection-element rating.

NS £ e

B.  Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds varying
from minimum to maximum. Test the manual bypass of the controller to prove proper
operation. Record observations including name of controller manufacturer, model number,
serial number, and nameplate data.

3.11 PROCEDURES FOR CHILLERS

A.  Balance water flow through each evaporator and condenser to within specified tolerances of
indicated flow with all pumps operating. With only one chiller operating in a multiple chiller
installation, do not exceed the flow for the maximum tube velocity recommended by the chiller
manufacturer. Measure and record the following data with each chiller operating at design

conditions:
T Evaporator-water entering and leaving temperatures, pressure drop, and water flow.
2. For water-cooled chillers, condenser-water entering and leaving temperatures, pressure

drop, and water flow.

Evaporator and condenser refrigerant temperatures and pressures, using instruments
furnished by chiller manufacturer.

Power factor if factory-installed instrumentation is furnished for measuring kilowatts.
Kilowatt input if factory-installed instrumentation is furnished for measuring kilowatts.
Capacity: Calculate in tons of cooling.

For air-cooled chillers, verify condenser-fan rotation and record fan and motor data
including number of fans and entering- and leaving-air temperatures.

98]
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3.12 PROCEDURES FOR HEAT-TRANSFER COILS
A.  Measure, adjust, and record the following data for each water coil:

Entering- and leaving-water temperature.

Water flow rate.

Water pressure drop.

Dry-bulb temperature of entering and leaving air.

Wet-bulb temperature of entering and leaving air for cooling coils.

e
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6.  Airflow.
7. Air pressure drop.
B.  Measure, adjust, and record the following data for each electric heating coil:

3.13

3.14

3.15

Nameplate data.

Airflow.

Entering- and leaving-air temperature at full load.

Voltage and amperage input of each phase at full load and at each incremental stage.
Calculated kilowatt at full load.

Fuse or circuit-breaker rating for overload protection.

DB Y 1D e

Measure, adjust, and record the following data for each refrigerant coil:

Dry-bulb temperature of entering and leaving air.
Wet-bulb temperature of entering and leaving air.
Airflow.

Air pressure drop.

Refrigerant suction pressure and temperature.

i 2

TOLERANCES

Set HVAC system's air flow rates and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus 10 percent or minus
10 percent.

2. Air Outlets and Inlets: Plus 10 percent or minus 5 percent.

3: Heating-Water Flow Rate: Plus 10 percent or minus 5 percent.

4. Cooling-Water Flow Rate: O to Plus 10 percent.

REPORTING

Initial Construction-Phase Report: Based on examination of the Contract Documents as
specified in "Examination" Article, prepare a report on the adequacy of design for systems'
balancing devices. Recommend changes and additions to systems' balancing devices to
facilitate proper performance measuring and balancing. Recommend changes and additions to
HVAC systems and general construction to allow access for performance measuring and
balancing devices.

Status Reports: Prepare monthly progress reports to describe completed procedures,
procedures in progress, and scheduled procedures. Include a list of deficiencies and problems
found in systems being tested and balanced. Prepare a separate report for each system and each
building floor for systems serving multiple floors.

FINAL REPORT

TESTING, ADJUSTING, AND BALANCING 230593-9
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A.  General: Prepare a certified written report; tabulate and divide the report into separate sections
for tested systems and balanced systems.

i

2.

Include a certification sheet at the front of the report's binder, signed and sealed by the
certified testing and balancing engineer.
Include a list of instruments used for procedures, along with proof of calibration.

B.  Final Report Contents: In addition to certified field-report data, include the following:

S o B

Pump curves.

Fan curves.

Manufacturers' test data.

Field test reports prepared by system and equipment installers.

Other information relative to equipment performance; do not include Shop Drawings and
product data.

C.  General Report Data: In addition to form titles and entries, include the following data:

NS0 Gy BA ki, e

12.
13.
14.
15.

Title page.

Name and address of the TAB contractor.

Project name.

Project location.

COTR's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB supervisor who certifies the report.
Table of Contents with the total number of pages defined for each section of the report.
Number each page in the report.

Summary of contents including the following:

a. Indicated versus final performance.

b. Notable characteristics of systems.

c. Description of system operation sequence if it varies from the Contract
Documents.

Nomenclature sheets for each item of equipment.

Data for terminal units, including manufacturer's name, type, size, and fittings.

Notes to explain why certain final data in the body of reports vary from indicated values.
Test conditions for fans and pump performance forms including the following:

Settings for outdoor-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling coil, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch diameter.
Inlet vane settings for variable-air-volume systems.

Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

T o a0 op
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D.  System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present
each system with single-line diagram and include the following:

Quantities of outdoor, supply, return, and exhaust airflows.
Water and steam flow rates.

Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Terminal units.

Balancing stations.

Position of balancing devices.

SN B Lo

E.  Air-Handling-Unit Test Reports: For air-handling units with coils, include the following:
1. Unit Data:

Unit identification.

Location.

Make and type.

Model number and unit size.
Manufacturer's serial number.

Unit arrangement and class.
Discharge arrangement.

Sheave make, size in inches, and bore.
Center-to-center dimensions of sheave, and amount of adjustments in inches.
Number, make, and size of belts.
Number, type, and size of filters.

FTr DR Me A o

2 Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustments in inches.

T s o

3, Test Data (Indicated and Actual Values):

Total air flow rate in cfm.

Total system static pressure in inches wg.

Fan rpm.

Discharge static pressure in inches wg.

Filter static-pressure differential in inches wg.
Preheat-coil static-pressure differential in inches wg.
Cooling-coil static-pressure differential in inches wg.
Heating-coil static-pressure differential in inches wg.
Outdoor airflow in cfm.

Return airflow in cfm.

Outdoor-air damper position.

Return-air damper position.

mAETI IR Mo e o
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m.  Vortex damper position.
F. Apparatus-Coil Test Reports:
1i, Coil Data:

System identification.
Location.

Coil type.

Number of rows.

Fin spacing in fins per inch o.c.
Make and model number.

Face area in sq. ft..

Tube size in NPS.

Tube and fin materials.
Circuiting arrangement.

T EE e A o

2. Test Data (Indicated and Actual Values):

a. Air flow rate in cfm.

b. Average face velocity in fpm.

c. Air pressure drop in inches wg.

d. Outdoor-air, wet- and dry-bulb temperatures in deg F.
e. Return-air, wet- and dry-bulb temperatures in deg F.
f: Entering-air, wet- and dry-bulb temperatures in deg F.
g. Leaving-air, wet- and dry-bulb temperatures in deg F.
h. Water flow rate in gpm.

. Water pressure differential in feet of head or psig.

J- Entering-water temperature in deg F.

k. Leaving-water temperature in deg F.

L Refrigerant expansion valve and refrigerant types.

m.  Refrigerant suction pressure in psig.

n. Refrigerant suction temperature in deg F.

0. Inlet steam pressure in psig.

G.  Electric-Coil Test Reports: For electric furnaces, duct coils, and electric coils installed in

central-station air-handling units, include the following:
1 Unit Data:

System identification.

Location.

Coil identification.

Capacity in Btu/h.

Number of stages.

Connected volts, phase, and hertz.
Rated amperage.

Air flow rate in cfm.

Face area in sq. ft..

Minimum face velocity in fpm.

TrEE e a0 o
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2 Test Data (Indicated and Actual Values):

Heat output in Btu/h.

Air flow rate in cfm.

Air velocity in fpm.

Entering-air temperature in deg F.
Leaving-air temperature in deg F.
Voltage at each connection.
Amperage for each phase.

@ e s o

H.  Fan Test Reports: For supply, return, and exhaust fans, include the following:
I Fan Data:

System identification.

Location.

Make and type.

Model number and size.

Manufacturer's serial number.

Arrangement and class.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustments in inches.

SR ae o

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustments in inches.
Number, make, and size of belts.

o ae o

3. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.
b. Total system static pressure in inches wg.
c. Fan rpm.
d. Discharge static pressure in inches wg.
e. Suction static pressure in inches wg.
I Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a grid

representing the duct cross-section and record the following:

1. Report Data:
a. System and air-handling-unit number.
b. Location and zone.
c. Traverse air temperature in deg F.
d. Duct static pressure in inches wg.
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e Duct size in inches.
f. Duct area in sq. ft..
g.  Indicated air flow rate in cfm.
h. Indicated velocity in fpm.
1. Actual air flow rate in cfm.
i Actual average velocity in fpm.
k. Barometric pressure in psig.
J. Air-Terminal-Device Reports:
1. Unit Data:
a. System and air-handling unit identification.
b. Location and zone.
el Apparatus used for test.
d. Area served.
€. Make.
f. Number from system diagram.
g. Type and model number.
h. Size.
i. Effective area in sq. ft..

Test Data (Indicated and Actual Values):

wme s o

Air flow rate in cfm.

Air velocity in fpm.

Preliminary air flow rate as needed in cfm.
Preliminary velocity as needed in fpm.
Final air flow rate in cfm.

Final velocity in fpm.

Space temperature in deg F.

K.  System-Coil Reports: For reheat coils and water coils of terminal units, include the following:

l.

Unit Data:

a. System and air-handling-unit identification.
b. Location and zone.

c: Room or riser served.

d. Coil make and size.

e. Flowmeter type.

Test Data (Indicated and Actual Values):

o op
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Air flow rate in cfm.

Entering-water temperature in deg F.
Leaving-water temperature in deg F.
Water pressure drop in feet of head or psig.
Entering-air temperature in deg F.
Leaving-air temperature in deg F.
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L. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and
include the following:

l. Unit Data:

Unit identification.

Location.

Service.

Make and size.

Model number and serial number.

Water flow rate in gpm.

Water pressure differential in feet of head or psig.
Required net positive suction head in feet of head or psig.
Pump rpm.

Impeller diameter in inches.

Motor make and frame size.

Motor horsepower and rpm.

Voltage at each connection.

Amperage for each phase.

Full-load amperage and service factor.

Seal type.

BoEgrAFT SR B RN TR

2 Test Data (Indicated and Actual Values):

Static head in feet of head or psig.

Pump shutoff pressure in feet of head or psig.
Actual impeller size in inches.

Full-open flow rate in gpm.

Full-open pressure in feet of head or psig.
Final discharge pressure in feet of head or psig.
Final suction pressure in feet of head or psig.
Final total pressure in feet of head or psig.
Final water flow rate in gpm.

Voltage at each connection.

Amperage for each phase.

AT TE e a0 o

M.  Instrument Calibration Reports:
L. Report Data:

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

a0 T

3.16 INSPECTIONS

A.  Initial Inspection:
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3.17

After testing and balancing are complete, operate each system and randomly check
measurements to verify that the system is operating according to the final test and balance
readings documented in the final report.

Check the following for each system:

a. Measure airflow of at least 10 percent of air outlets.
Measure water flow of at least 5 percent of terminals.
< Measure room temperature at each thermostat/temperature sensor. Compare the

reading to the set point.
; Verify that balancing devices are marked with final balance position.
€. Note deviations from the Contract Documents in the final report.

Final Inspection:

L.

After initial inspection is complete and documentation by random checks verifies that
testing and balancing are complete and accurately documented in the final report, request
that a final inspection be made by COTR and Commissioning Authority.

The TAB contractor's test and balance engineer shall conduct the inspection in the
presence of COTR and Commissioning Authority.

COTR and Commissioning Authority shall randomly select measurements, documented
in the final report, to be rechecked. Rechecking shall be limited to either 10 percent of
the total measurements recorded or the extent of measurements that can be accomplished
in a normal 8-hour business day.

If rechecks yield measurements that differ from the measurements documented in the
final report by more than the tolerances allowed, the measurements shall be noted as
"FAILED."

If the number of "FAILED" measurements is greater than 10 percent of the total
measurements checked during the final inspection, the testing and balancing shall be
considered incomplete and shall be rejected.

TAB Work will be considered defective if it does not pass final inspections. If TAB Work fails,
proceed as follows:

1

Recheck all measurements and make adjustments. Revise the final report and balancing
device settings to include all changes; resubmit the final report and request a second final
inspection.

If the second final inspection also fails, FAA may contract the services of another TAB
contractor to complete TAB Work according to the Contract Documents and deduct the
cost of the services from the original TAB contractor's final payment.

Prepare test and inspection reports.

ADDITIONAL TESTS

Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions
are being maintained throughout and to correct unusual conditions.

Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and
winter conditions, perform additional TAB during near-peak summer and winter conditions.
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END OF SECTION 23 05 93
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SECTION 23 07 00 - HVAC INSULATION
PART | - GENERAL

1.1 SUMMARY
A. Section Includes:

L. Insulation Materials:
a.  Cellular glass.
b.  Flexible elastomeric.
¢.  Mineral fiber.
2 Insulating cements.
3 Adhesives.
4 Mastics.
5. Lagging adhesives.
6. Sealants.
7 Field-applied fabric-reinforcing mesh.
8 Field-applied cloths.
9, Field-applied jackets.
10.  Tapes.
11.  Securements.
12, Corner angles.

1.2 SUBMITTALS

A.  Product Data: For each type of product indicated. Include thermal conductivity, thickness, and

Jjackets (both factory and field applied, if any).

B.  Shop Drawings:

l. Detail application of protective shields, saddles, and inserts at hangers for each type of

insulation and hanger.

2. Detail application at linkages of control devices.
3 Detail field application for each equipment type.

C.  Qualification Data: For qualified Installer.

D.  Field quality-control reports.

L3 QUALITY ASSURANCE

A.  Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship
program or another craft training program certified by the Department of Labor, Bureau of

Apprenticeship and Training.

HVAC INSULATION
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1.6

Thermal Resistance Properties: Insulation and related materials shall be installed such that the
minimum Thermal Resistance (R-value) of the insulation is installed to meet the requirements
of ASHRAE 90.1-2007, for the applicable duct or pipe system and compatible with the
operating temperatures of the system.

Fire-Test-Response Characteristics: Insulation and related materials shall have fire-test-
response characteristics indicated, as determined by testing identical products per ASTM E 84,
by a testing and inspecting agency acceptable to authorities having jurisdiction. Factory label
insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with
appropriate markings of applicable testing and inspecting agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.
2 Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed

index of 150 or less.

DELIVERY, STORAGE, AND HANDLING

Packaging: Insulation material containers shall be marked by manufacturer with appropriate
ASTM standard designation, type and grade, and maximum use temperature.

COORDINATION

Coordinate size and location of supports, hangers, and insulation shields specified in Section 23
05 29 "Hangers and Supports for HVAC Piping and Equipment."

Coordinate clearance requirements with piping Installer for piping insulation application, duct
Installer for duct insulation application, and equipment Installer for equipment insulation
application. Before preparing piping and ductwork Shop Drawings, establish and maintain
clearance requirements for installation of insulation and field-applied jackets and finishes and
for space required for maintenance.

Coordinate installation and testing of heat tracing.

SCHEDULING

Schedule insulation application after pressure testing systems and, where required, after
installing and testing heat tracing. Insulation application may begin on segments that have
satisfactory test results.

Complete installation and concealment of plastic materials as rapidly as possible in each area of
construction.
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PART 2 - PRODUCTS

2.1

A.

INSULATION MATERIALS

Comply with requirements in Part 3 schedule articles for where insulating materials shall be
applied.

Products shall not contain asbestos, lead, mercury, or mercury compounds.

Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
process.

Calcium Silicate:

I Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Industrial Insulation Group (The); Thermo-12 Gold.
2 Preformed Pipe Sections: Flat-, curved-, and grooved-block sections of noncombustible,

inorganic, hydrous calcium silicate with a non-asbestos fibrous reinforcement. Comply
with ASTM C 533, Type L

3 Flat-, curved-, and grooved-block sections of noncombustible, inorganic, hydrous
calcium silicate with a non-asbestos fibrous reinforcement. Comply with ASTM C 533,
Type L.

4. Prefabricated Fitting Covers: Comply with ASTM C450 and ASTM C 585 for
dimensions used in preforming insulation to cover valves, elbows, tees, and flanges.

Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with annealed, rigid,
hermetically sealed cells. Factory-applied jacket requirements are specified in "Factory-
Applied Jackets" Article.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Cell-U-Foam Corporation; Ultra-CUF.
b.  Pittsburgh Corning Corporation; Foamglas Super K.

Block Insulation: ASTM C 552, Type L.

Special-Shaped Insulation: ASTM C 552, Type IIL

Board Insulation: ASTM C 552, Type IV.

Preformed Pipe Insulation without Jacket: Comply with ASTM C 552, Type II, Class 1.
Preformed Pipe Insulation with Factory-Applied ASJIComply with ASTM C 552, Type II,
Class 2.

7. Factory fabricate shapes according to ASTM C 450 and ASTM C 585.

ar i

Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply with
ASTM C 534, Type I for tubular materials and Type II for sheet materials,
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1; Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Aeroflex USA Inc.; Aerocel.
b.  Armacell LLC; AP Armaflex.
c.  RBX Corporation; Insul-Sheet 1800 and Insul-Tube 180.

G.  Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 553, Type Il and ASTM C 1290, Type II with factory-applied vinyl
jacket, Type III with factory-applied FSK jacket, or Type III with factory-applied FSP jacket.
Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1. Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

CertainTeed Corp.; Duct Wrap.

Johns Manville; Microlite.

Knauf Insulation; Duct Wrap.

Owens Corning; All-Service Duct Wrap.

aooe

H. Insulation integral to double-wall duct assemblies.
i See specification 23 31 13 “Metal Ducts” for requirements of double-wall duct.

2. Insulation integral to double-wall duct shall have minimum thermal resistance of R-4.
Insulation may be fibrous blanket type or injected foam type. Insulation shall not be
exposed to the air stream inside of the duct.

3. Insulation integral to double-wall duct shall be compatible with operating temperatures of
the system served, including a minimum of 20°F above and below the operating and
ambient temperatures.

L Mineral-Fiber Board Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 612, Type IA or Type IB. For duct and plenum applications, provide
insulation with factory-applied ASJ jor with factory-applied FSK jacket. For equipment
applications, provide insulation with factory-applied ASJ or with factory-applied FSK jacket.
Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1 Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  CertainTeed Corp.; Commercial Board.
b.  Johns Manville; 800 Series Spin-Glas.
¢.  Knauf Insulation; Insulation Board.
d.  Owens Corning; Fiberglas 700 Series.
. Mineral-Fiber, Preformed Pipe Insulation:
1 Products:  Subject to compliance with requirements, available products that may be

incorporated into the Work include, but are not limited to, the following;:
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a.  Johns Manville; Micro-Lok.
b.  Knauf Insulation; 1000 Pipe Insulation.
c.  Owens Corning; Fiberglas Pipe Insulation.

2. Type I, 850 deg F Materials: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ or with factory-
applied ASJ-SSL. Factory-applied jacket requirements are specified in "Factory-Applied
Jackets" Article.

22 INSULATING CEMENTS
A.  Mineral-Fiber Insulating Cement: Comply with ASTM C 195.

1; Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following;:

a.  Insulco, Division of MFS, Inc.; Triple I.
b.  P. K. Insulation Mfg. Co., Inc.; Super-Stik.

B.  Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with
ASTM C 449/C 449M.

18 Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Insulco, Division of MFS, Inc.; SmoothKote.
b.  P. K. Insulation Mfg. Co., Inc.; PK No. 127, and Quik-Cote.
¢.  Rock Wool Manufacturing Company; Delta One Shot.

2.3 ADHESIVES

A.  Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated, unless otherwise indicated.

B.  Calcium Silicate Adhesive: Fibrous, sodium-silicate-based adhesive with a service temperature
range of 50 to 800 deg F.

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Childers Products, Division of ITW; CP-97.

Foster Products Corporation, H. B. Fuller Company; 81-27/81-93.
Marathon Industries, Inc.; 290.

Mon-Eco Industries, Inc.; 22-30.

Vimasco Corporation; 760.

cae o

2. For indoor applications, use adhesive that has a VOC content of 80 g/L. or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
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C.  Cellular-Glass Adhesive: Solvent-based resin adhesive, with a service temperature range of
minus 75 to plus 300 deg F.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; CP-96.
b.  Foster Products Corporation, H. B. Fuller Company; 81-33.

2. For indoor applications, use adhesive that has a VOC content of 50 g/L. or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

D.  Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type II, Class 1.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Aeroflex USA Inc.; Aeroseal.

Armacell LCC; 520 Adhesive.

Foster Products Corporation, H. B. Fuller Company; 85-75.
RBX Corporation; Rubatex Contact Adhesive.

ac o

2 For indoor applications, use adhesive that has a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

E.  Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; CP-82.
b.  Foster Products Corporation, H. B. Fuller Company; 85-20.
c. ITW TACC, Division of Illinois Tool Works; S-90/80.

2. For indoor applications, use adhesive that has a VOC content of 80 g/L. or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

F.  ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for
bonding insulation jacket lap seams and joints.

1 Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; CP-82.
b.  Foster Products Corporation, H. B. Fuller Company; 85-20.
c. ITW TACC, Division of Illinois Tool Works; S-90/80.

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
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G.  PVC Jacket Adhesive: Compatible with PVC jacket.

I; Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Dow Chemical Company (The); 739, Dow Silicone.
b.  Johns-Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive.
c.  P.LC. Plastics, Inc.; Welding Adhesive.

2. For indoor applications, use adhesive that has a VOC content of 50 g/L. or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

24 MASTICS

A.  Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-C-19565C, Type IL

] For indoor applications, use mastics that have a VOC content of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

B.  Vapor-Barrier Mastic: Water based; suitable for indoor and outdoor use on below ambient
services.

I; Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; CP-35,
b.  Foster Products Corporation, H. B. Fuller Company; 30-90.
c. ITW TACC, Division of Illinois Tool Works; CB-50.

2; Water-Vapor Permeance: ASTM E 96, Procedure B, 0.013 perm at 43-mil dry film
thickness.

3 Service Temperature Range: Minus 20 to plus 180 deg F.

4. Solids Content: ASTM D 1644, 59 percent by volume and 71 percent by weight.

5 Color: White.

c Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below ambient services.

1 Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; Encacel.
b.  Foster Products Corporation, H. B. Fuller Company; 60-95/60-96.
c.  Marathon Industries, Inc.; 570.

Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 30-mil dry film thickness.
Service Temperature Range: Minus 50 to plus 220 deg F.

Solids Content: ASTM D 1644, 33 percent by volume and 46 percent by weight.
Color: White.

DR
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2.5

2.6

Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.

1.

ol ol ol

Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; CP-10.
b.  Foster Products Corporation, H. B. Fuller Company; 35-00.
¢. ITW TACC, Division of Illinois Tool Works; CB-05/15.

Water-Vapor Permeance: ASTM F 1249, 3 perms at 0.0625-inch dry film thickness.
Service Temperature Range: Minus 20 to plus 200 deg F.

Solids Content: 63 percent by volume and 73 percent by weight.

Color: White.

LAGGING ADHESIVES

Description: Comply with MIL-A-3316C Class I, Grade A and shall be compatible with
insulation materials, jackets, and substrates.

1.

For indoor applications, use lagging adhesives that have a VOC content of 80 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2 Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a.  Childers Products, Division of ITW; CP-52.
b.  Foster Products Corporation, H. B. Fuller Company; 81-42.
3. Color: White.
SEALANTS

Joint Sealants:

I

Yt

Joint Sealants for Cellular-Glass Products: Subject to compliance with requirements,
available products that may be incorporated into the Work include, but are not limited to,
the following:

a.  Childers Products, Division of ITW; CP-76.
b.  Foster Products Corporation, H. B. Fuller Company; 30-45.
c.  Pittsburgh Corning Corporation; Pittseal 444,

Materials shall be compatible with insulation materials, jackets, and substrates.
Permanently flexible, elastomeric sealant.

Service Temperature Range: Minus 100 to plus 300 deg F.

Color: White or gray.

For indoor applications, use sealants that have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

FSK and Metal Jacket Flashing Sealants:
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2ol e o

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; CP-76-8.
b.  Foster Products Corporation, H. B. Fuller Company; 95-44.

Materials shall be compatible with insulation materials, jackets, and substrates.

Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: Aluminum.

For indoor applications, use sealants that have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

£ ASJ Flashing Sealants, and PVC Jacket Flashing Sealants:

1;

e

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; CP-76.

Materials shall be compatible with insulation materials, jackets, and substrates.

Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: White.

For indoor applications, use sealants that have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

20 FACTORY-APPLIED JACKETS

A.  Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

L

2

ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C 1136, Type L.

ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
removable protective strip; complying with ASTM C 1136, Type 1.

FSK Jacket: ~Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type II.

FSP Jacket: Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing;
complying with ASTM C 1136, Type II.

PVDC Jacket for Indoor Applications: 4-mil- thick, white PVDC biaxially oriented
barrier film with a permeance at 0.02 perms when tested according to ASTM E 96 and
with a flame-spread index of 5 and a smoke-developed index of 20 when tested according
to ASTM E 84.

a.  Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

HVAC INSULATION 230700-9



FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING
FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 2011

2.8

1) Dow Chemical Company (The); Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.
2)

PVDC Jacket for Outdoor Applications: 6-mil- thick, white PVDC biaxially oriented
barrier film with a permeance at 0.01 perms when tested according to ASTM E 96 and
with a flame-spread index of 5 and a smoke-developed index of 25 when tested according
to ASTM E 84.

a.  Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
1)  Dow Chemical Company (The); Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.
2)

PVDC-SSL Jacket: PVDC jacket with a self-sealing, pressure-sensitive, acrylic-based
adhesive covered by a removable protective strip.

a.  Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
1) Dow Chemical Company (The); Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.

Vinyl Jacket: White vinyl with a permeance of 1.3 perms when tested according to
ASTM E 96, Procedure A, and complying with NFPA 90A and NFPA 90B.

FIELD-APPLIED FABRIC-REINFORCING MESH

Woven Glass-Fiber Fabric for Pipe Insulation: Approximately 2 oz./sq. yd. with a thread count
of 10 strands by 10 strands/sq. inch for covering pipe and pipe fittings.

1.

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Vimasco Corporation; Elastafab 894.

Woven Glass-Fiber Fabric for Duct and Equipment Insulation: Approximately 6 oz./sq. yd.
with a thread count of 5 strands by 5 strands/sq. inch for covering equipment.

1

Products: Subject to compliance with requirements, :

a.  Childers Products, Division of ITW; Chil-Glas No. 5.

Woven Polyester Fabric: Approximately 1 oz./sq. yd. with a thread count of 10 strands by 10
strands/sq. inch, in a Leno weave, for duct, equipment, and pipe.

1.

Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
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a.  Foster Products Corporation, H. B. Fuller Company; Mast-A-Fab.
b.  Vimasco Corporation; Elastafab 894,
29 FIELD-APPLIED CLOTHS

A.  Woven Glass-Fiber Fabric: Comply with MIL-C-20079H, Type I, plain weave, and presized a
minimum of 8 oz./sq. yd..

1. Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Alpha Associates, Inc.; Alpha-Maritex 84215 and 84217/9485RW, Luben 59.

2.10 FIELD-APPLIED JACKETS
A.  Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
~B.  FSKJacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
C. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.

Thickness is indicated in field-applied jacket schedules.

I Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Johns Manville; Zeston.
b. P.L.C. Plastics, Inc.; FG Series.
c.  Proto PVC Corporation; LoSmoke.
d.  Speedline Corporation; SmokeSafe.
2 Adhesive: As recommended by jacket material manufacturer.
3. Color: Color-code jackets based on system. Color as selected by COTR.
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.

a.  Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges,
unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and
supply covers for lavatories.

3. Factory-fabricated tank heads and tank side panels.
D.  Metal Jacket:

1. Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products, Division of ITW; Metal Jacketing Systems.
b. PABCO Metals Corporation; Surefit.
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C.

RPR Products, Inc.; Insul-Mate.

2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105 or 5003,

Temper H-14.

a.  Sheet and roll stock ready for shop or field sizing or Factory cut and rolled to size.

b.  Finish and thickness are indicated in field-applied jacket schedules.

¢.  Moisture Barrier for Indoor Applications: 3-mil- thick, heat-bonded polyethylene
and kraft paperor 2.5-mil- thick Polysurlyn.

d.  Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded
polyethylene and kraft paper or 2.5-mil- thick Polysurlyn.

e.  Factory-Fabricated Fitting Covers:

1)  Same material, finish, and thickness as jacket.

2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius
elbows.

3) Tee covers.

4) Flange and union covers.

5)  End caps.

6) Beveled collars.

7) Valve covers.

8) Field fabricate fitting covers only if factory-fabricated fitting covers are not
available.

3. Stainless-Steel Jacket: ASTM A 167 or ASTM A 240/A 240M.

a.
b.
¢

Sheet and roll stock ready for shop or field sizing.
Material, finish, and thickness are indicated in field-applied jacket schedules.
Factory-Fabricated Fitting Covers:

1) Same material, finish, and thickness as jacket.

2)  Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius
elbows.

3) Tee covers.

4) Flange and union covers.

5) End caps.

6) Beveled collars.

7) Valve covers.

8) Field fabricate fitting covers only if factory-fabricated fitting covers are not
available.

E.  Self-Adhesive Outdoor Jacket: 60-mil- thick, laminated vapor barrier and waterproofing
membrane for installation over insulation located aboveground outdoors; consisting of a
rubberized bituminous resin on a crosslaminated polyethylene film covered with white
aluminum-foil facing.

1. Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

d.

Polyguard; Alumaguard 60.
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PVDC Jacket for Indoor Applications: 4-mil- thick, white PVDC biaxially oriented barrier film
with a permeance at 0.02 perms when tested according to ASTM E 96 and with a flame-spread
index of 5 and a smoke-developed index of 20 when tested according to ASTM E 84,

L. Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Dow Chemical Company (The), Saran 540 Vapor Retarder Film.
b.

PVDC Jacket for Outdoor Applications: 6-mil- thick, white PVDC biaxially oriented barrier
film with a permeance at 0.01 perms when tested according to ASTM E 96 and with a flame-
spread index of 5 and a smoke-developed index of 25 when tested according to ASTM E 84.

i Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Dow Chemical Company (The), Saran 560 Vapor Retarder Film.

PVDC-SSL Jacket: PVDC jacket with a self-sealing, pressure-sensitive, acrylic-based adhesive
covered by a removable protective strip.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Dow Chemical Company (The); Saran 540 Vapor Retarder Film and Saran 560
Vapor Retarder Film.

TAPES

ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C 1136.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Avery Dennison Corporation, Specialty Tapes Division; Fasson 0835.
Compac Corp.; 104 and 105.

Ideal Tape Co., Inc., an American Biltrite Company; 428 AWF AS]J.
Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

o o

Width: 3 inches.

Thickness: 11.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 1bf/inch in width.

ASIJ Tape Disks and Squares: Precut disks or squares of ASJ tape.

Nowe L
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B.  FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
Compac Corp.; 110 and 111.

Ideal Tape Co., Inc., an American Biltrite Company; 491 AWF FSK.
Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ.

aoos

Width: 3 inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 1bf/inch in width.

FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

S MR b b

C.  PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive.
Suitable for indoor and outdoor applications.

L, Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Avery Dennison Corporation, Specialty Tapes Division; Fasson 0555.
Compac Corp.; 130.

Ideal Tape Co., Inc., an American Biltrite Company; 370 White PVC tape.
Venture Tape; 1506 CW NS.

ao o

Width: 2 inches.

Thickness: 6 mils.

Adhesion: 64 ounces force/inch in width.
Elongation: 500 percent.

Tensile Strength: 18 1bf/inch in width.

S Lhid e b

D.  Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.

1 Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
Compac Corp.; 120.

Ideal Tape Co., Inc., an American Biltrite Company; 488 AWF.
Venture Tape; 3520 CW.

T U

Width: 2 inches.

Thickness: 3.7 mils.

Adhesion: 100 ounces force/inch in width,
Elongation: 5 percent.

kit

HVAC INSULATION 230700 - 14



FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING
FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 2011

2.12

6. Tensile Strength: 34 Ibf/inch in width.
PVDC Tape for Indoor Applications: White vapor-retarder PVDC tape with acrylic adhesive.

1; Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Dow Chemical Company (The); Saran 540 Vapor Retarder Tape.
b.

Width: 3 inches.

Film Thickness: 4 mils.

Adhesive Thickness: 1.5 mils.
Elongation at Break: 145 percent.
Tensile Strength: 55 Ibf/inch in width.

ol S

PVDC Tape for Outdoor Applications: White vapor-retarder PVDC tape with acrylic adhesive.

1. Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Dow Chemical Company (The); Saran 560 Vapor Retarder Tape.

2 Width: 3 inches.

3. Film Thickness: 6 mils.

4, Adhesive Thickness: 1.5 mils.

5. Elongation at Break: 145 percent.

6.  Tensile Strength: 55 Ibf/inch in width.
SECUREMENTS

Bands:

Il Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a.  Childers Products; Bands.
b.  PABCO Metals Corporation; Bands.
c.  RPR Products, Inc.; Bands.

2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015
inch thick, 3/4 inch wide with wing or closed seal.

3. Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch
thick, 3/4 inch wide with wing or closed seal.

4. Springs: Twin spring set constructed of stainless steel with ends flat and slotted to accept
metal bands. Spring size determined by manufacturer for application.

Insulation Pins and Hangers:
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L. Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed for
capacitor-discharge welding, 0.106-inch- diameter shank, length to suit depth of
insulation indicated.

a.  Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

D AGM Industries, Inc.; CWP-1.

2)  GEMCO; CD.

3) Midwest Fasteners, Inc.; CD.

4) Nelson Stud Welding; TPA, TPC, and TPS.

% Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully
annealed for capacitor-discharge welding, 0.106-inch- diameter shank, length to suit
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.

a.  Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; CWP-1.

2)  GEMCO; Cupped Head Weld Pin.

3) Midwest Fasteners, Inc.; Cupped Head.
4) Nelson Stud Welding; CHP.

3. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- thick,
galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in
place but not less than 1-1/2 inches in diameter.

a.  Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; RC-150.

2) GEMCO; R-150.

3) Midwest Fasteners, Inc.; WA-150.
4)  Nelson Stud Welding; Speed Clips.

b.  Protect ends with capped self-locking washers incorporating a spring steel insert to
ensure permanent retention of cap in exposed locations.

4. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
thick nylon sheet, with beveled edge sized as required to hold insulation securely in place
but not less than 1-1/2 inches in diameter.

a.  Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

1) GEMCO.
2) Midwest Fasteners, Inc.

C.  Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
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D.  Wire: 0.062-inch soft-annealed, galvanized steel.

1. Manufacturers: ~ Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

a. C&F Wire.

b.  Childers Products.

c. PABCO Metals Corporation.
2:13 CORNER ANGLES

A. PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC according to ASTM D 1784,
Class 16354-C. Color-coded to match adjacent surface.

B. Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according to
ASTM B 209, Alloy 3003, 3005, 3105 or 5005; Temper H-14.

C.  Stainless-Steel Corner Angles: 0.024 inch thick, minimum 1 by [ inch, stainless steel according
to ASTM A 167 or ASTM A 240/A 240M, Type 304 or 316.

PART 3 - EXECUTION
3.1 EXAMINATION

A.  Examine substrates and conditions for compliance with requirements for installation and other
conditions affecting performance of insulation application.

1. Verify that systems and equipment to be insulated have been tested and are free of
defects.

2 Verify that surfaces to be insulated are clean and dry.

3 Proceed with installation only after unsatisfactory conditions have been corrected.

32 PREPARATION

A.  Surface Preparation: Clean and prepare surfaces to be insulated. Remove materials that will
adversely affect insulation application.

B. Before insulating, apply a corrosion coating to insulated surfaces as follows:
I Carbon Steel: Coat carbon steel operating at a service temperature between 32 and 300
deg F with an epoxy coating. Consult coating manufacturer for appropriate coating

materials and application methods for operating temperature range.

C: Mix insulating cements with clean potable water; if insulating cements are to be in contact with
stainless-steel surfaces, use demineralized water.

HVAC INSULATION 230700-17



FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING
FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 2011

3:3

GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of equipment, ducts and fittings.

Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required
for each item of equipment, duct system, and pipe system as specified in insulation system
schedules.

Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or
dry state.

Install insulation with longitudinal seams at top and bottom of horizontal runs.

Install multiple layers of insulation with longitudinal and end seams staggered.

Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
Keep insulation materials dry during application and finishing.

Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

Install insulation with least number of joints practical.

Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

L. Install insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

B Install insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

4, Cover inserts with jacket material matching adjacent pipe insulation. Install shields over
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
and dry film thicknesses.

Install insulation with factory-applied jackets as follows:

l. Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.
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3 Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap.
Staple laps with outward clinching staples along edge at 2 inches o.c.

a.  For below ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape as recommended by insulation material manufacturer to
maintain vapor seal.
5 Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at

ends adjacent to duct and pipe flanges and fittings.

Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal
thickness.

Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

Repair damaged insulation facings by applying same facing material over damaged areas.
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar
to butt joints.

For above ambient services, do not install insulation to the following:

1. Vibration-control devices.

2. Testing agency labels and stamps.
3 Nameplates and data plates.
PENETRATIONS

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation
continuously through wall penetrations.

L. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation inside wall surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3, Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at
least 2 inches.

4. Seal jacket to wall flashing with flashing sealant.

Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.
EQUIPMENT NSULATION INSTALLATION

Mineral Fiber, Pipe and Tank Insulation Installation for Tanks and Vessels: Secure insulation
with adhesive and anchor pins and speed washers.
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3.6

=

Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 100 percent coverage of tank and vessel surfaces.

Groove and score insulation materials to fit as closely as possible to equipment, including
contours. Bevel insulation edges for cylindrical surfaces for tight joints. Stagger end
joints.

Protect exposed corners with secured corner angles.

Install adhesively attached or self-sticking insulation hangers and speed washers on sides
of tanks and vessels as follows:

a. Do not weld anchor pins to ASME-labeled pressure vessels.

b.  Select insulation hangers and adhesive that are compatible with service
temperature and with substrate.

¢.  On tanks and vessels, maximum anchor-pin spacing is 3 inches from insulation end
joints, and 16 inches o.c. in both directions.

d. Do not over compress insulation during installation.

e.  Cut and miter insulation segments to fit curved sides and domed heads of tanks
and vessels.

f.  Impale insulation over anchor pins and attach speed washers.

g.  Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching
insulation facing.

Secure each layer of insulation with stainless-steel or aluminum bands. Select band
material compatible with insulation materials.

Where insulation hangers on equipment and vessels are not permitted or practical and
where insulation support rings are not provided, install a girdle network for securing
insulation. Stretch pre-stressed aircraft cable around the diameter of vessel and make taut
with clamps, turnbuckles, or breather springs. Place one circumferential girdle around
equipment approximately 6 inches from each end. Install wire or cable between two
circumferential girdles 12 inches o.c. Install a wire ring around each end and around
outer periphery of center openings, and stretch pre-stressed aircraft cable radially from
the wire ring to nearest circumferential girdle. Install additional circumferential girdles
along the body of equipment or tank at a minimum spacing of 48 inches o.c. Use this
network for securing insulation with tie wire or bands.

Stagger joints between insulation layers at least 3 inches.

Install insulation in removable segments on equipment access doors, and other elements
that require frequent removal for service and inspection.

For equipment with surface temperatures below ambient, apply mastic to open ends,
joints, seams, breaks, and punctures in insulation.

GENERAL PIPE INSULATION INSTALLATION

Requirements in this article generally apply to all insulation materials except where more
specific requirements are specified in various pipe insulation material installation articles.
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3.7 MINERAL-FIBER INSULATION INSTALLATION

A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation
pins.

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 100 percent coverage of duct and plenum surfaces.

2, Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as
follows:

a.  On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

b.  On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each
way, and 3 inches maximum from insulation joints. Install additional pins to hold
insulation tightly against surface at cross bracing.

Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

Do not over compress insulation during installation.

Impale insulation over pins and attach speed washers.

Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching
insulation facing.

mo oo

4, For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with
insulation by removing 2 inches from 1 edge and | end of insulation segment. Secure
laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch o.c.
Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier
mastic, and sealant at joints, seams, and protrusions.

a.  Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b.  Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops shall consist of vap or-barrier mastic applied in a Z-shaped
pattern over insulation face, along butt end of insulation, and over the surface.
Cover insulation face and surface to be insulated a width equal to 2 times the
insulation thickness but not less than 3 inches.

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.
At end joints, secure with steel bands spaced a maximum of 18 inches o.c.

6. Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Install insulation on round and flat-oval duct elbows with individually
mitered gores cut to fit the elbow.

T Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

HVAC INSULATION 2307 00-21



FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING
FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 201 |

B.  Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1.

2

Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 100 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as
follows:

a.  On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

b.  On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. each
way, and 3 inches maximum from insulation joints. Install additional pins to hold
insulation tightly against surface at cross bracing.

c.  Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

Do not over compress insulation during installation.

e.  Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching
insulation facing.

o

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with
insulation by removing 2 inches from 1 edge and 1 end of insulation segment. Secure
laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch o.c.
Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier
mastic, and sealant at joints, seams, and protrusions.

a.  Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b.  Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped
pattern over insulation face, along butt end of insulation, and over the surface.
Cover insulation face and surface to be insulated a width equal to 2 times the
insulation thickness but not less than 3 inches.

Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Groove and score insulation to fit as closely as possible to outside and
inside radius of elbows. Install insulation on round and flat-oval duct elbows with
individually mitered gores cut to fit the elbow.

Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

3.8 FIELD QUALITY CONTROL

A.  Perform tests and inspections.
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B.  Tests and Inspections:

I8 Inspect ductwork, randomly selected by COTR, by removing field-applied jacket and
insulation in layers in reverse order of their installation. Extent of inspection shall be
limited to one location(s) for each duct system defined in the "Duct Insulation Schedule,
General" Article.

2: Inspect field-insulated equipment, randomly selected by COTR, by removing field-
applied jacket and insulation in layers in reverse order of their installation. Extent of
inspection shall be limited to one location(s) for each type of equipment defined in the
"Equipment Insulation Schedule" Article. For large equipment, remove only a portion
adequate to determine compliance.

C.  All insulation applications will be considered defective Work if sample inspection reveals
noncompliance with requirements.
3.9 DUCT INSULATION SCHEDULE, GENERAL

A.  Ducts Requiring Insulation:
1, Indoor, exposed supply and outdoor air.

B.  Items Not Insulated:
I Metal ducts with duct liner of sufficient thickness to comply with energy code and
ASHRAE/IESNA 90.1.
2. Factory-insulated flexible ducts.
3 Factory-insulated plenums and casings.
4 Factory-insulated access panels and doors.
3.10 INDOOR DUCT AND PLENUM INSULATION SCHEDULE

A.  Indoor, exposed supply and outdoor air:

I; Insulation integral to double-wall duct.
2 Minimum Thermal property: R-4.

B.  Indoor, exposed exhaust between isolation damper and penetration of building exterior:
L. Insulation integral to double-wall duct.

2. Mineral-Fiber Board: 2 inches thick and 2-Ib/cu. ft. nominal density. Applies to
rectangular duct only.

END OF SECTION 23 07 00
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SECTION 23 08 20 - HVAC COMMISSIONING - GENERAL

PART 1

GENERAL

1:1 DESCRIPTION

A. The purpose of the Commissioning process is to provide the FAA with a higher level of assurance
that the systems have been installed in the prescribed manner and will operate within the perfor-
mance guidelines. The Commissioning Agency shall provide the FAA an unbiased, objective
view of the systems' installation, operation, and performance. This process is not to take away or
reduce the responsibility of the system designers or installing Contractor(s) to provide a finished
product. It is not intended to be an additional or redundant testing/inspection function, but shall
enhance the quality of system start-up and aid in the orderly transfer of systems to beneficial use
by the FAA.

B. The function and responsibility of the Commissioning Agency shall include:

Responsibility: The primary point of responsibility to inform the FAA on the integration and
performance of systems within the facility.

Information: Disseminate information and assist the Contractor to complete the certification
process. This shall include system completeness, performance, and adequacy to meet the in-
tended performance standards of each system. Services include construction observation,
testing, and providing performance information to the responsible parties, i.e., contractors,
vendors, and FAA.

Leadership/Training: Initiate and lead the involvement of the facility operations people in the
Commissioning process. Setting standards, involving the technicians in the certification pro-
cess and educating operations personnel on each system.

Quality Assurance: Assist the responsible parties to obtain quality equipment, installation,
and performance of systems.

Arbitration of Disputes: The Commissioning Agency is to remain an independent party pre-
sent on the project with specific knowledge of the project. Should disputes arise, the Com-
missioning Agency shall complete research to determine the scope and extent of the problem,
educate the involved parties on the nature and extent of the problem. The Contracting Officer
will preside over resolution of the dispute. This would include all technical and financial as-
pects of the dispute, including determination of who the responsible parties are to implement
corrective actions.

Observation of Tests: Observe and/or perform all required testing to certify adequate system
performance.

Documentation of Tests: Document the results of the performance testing directly and/or en-
sure that all testing is documented by the appropriate technicians. The Commissioning
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Agency shall provide standard forms to be used by all parties for consistency of approach and
type of information to be recorded.

8. Acceptance: Determine the date of acceptance for each component and system for start of the
warranty period.

C. The Commissioning Agency is referred to as an independent contractor in this Division and shall
be a service provided by the Contractor for the FAA by a company approved by the FAA.

Known acceptable source:

Air Analysis of Atlanta, Inc (AAI)
1520 Pine Log Road, Suite 1
Conyers, Georgia 30012

Mr. Gene White

770-929-3165

1.2 COORDINATION

A. The Commissioning Agency shall coordinate directly with each contractor on the project specific
to their responsibilities and contractual obligations. If the contractor is a sub-contractor to anoth-
er contractor, written information shall be provided to all responsible parties relative to the nature
and extent of the communication. If contractual obligations are in question, then the prime con-
tractor shall be contacted by the Commissioning Agency to determine the extent and scope of re-
sponsibilities and change orders, if appropriate.

B. The Commissioning Agency is primarily responsible to the FAA, and as such, shall regularly ap-
prise the RE of progress, pending problems or disputes, and shall provide regular status reports on
progress with each system. Any potential change in the contractual and/or financial obligations
of the FAA shall be identified as soon as they are known. Any such change shall be quantified as
soon as possible.

C. Refer to other HVAC Commissioning Sections for additional details as to the expectations of the
Commissioning Agency with respect to specific systems.

1.3 SCHEDULE

A. Commissioning of systems shall proceed per the criteria established in the other Division 18 sec-
tions, with activities to be performed on a timely basis. The Commissioning Agency must be
available to respond promptly to avoid Contractor delay.

B. Commissioning of systems may proceed prior to final completion of systems to expedite pro-
gress. However, the Commissioning Agency shall not perform testing and check out services that
are the primary responsibility of the contractor/vendor in advance of their testing and checkout.

1. Problems observed shall be addressed immediately, in terms of notification to responsible
parties, and actions to correct deficiencies.

2. Schedules and scheduling is the responsibility of the Contractor. Commissioning require-
ments must be coordinated with the approval of the Contractor. The Commissioning Agency
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must provide commissioning scheduling information to the Contractor for their review and
planning activities.

1.4 RELATED WORK
A. Commissioning is the primary responsibility of the Commissioning Agency, with secondary and
support responsibility by the Contractor. The commissioning process does not relieve the sub-
contractors from participation in the process or diminish their role and obligations to complete all

portions of work in a satisfactory and fully operational manner.

B. Participation by the Commissioning Agency shall include the following work as specified in this
division:

1. Observation of the start-up and initial testing by the Contractor.

2. Provide qualified personnel for participation in commissioning tests, including seasonal test-
ing required after the initial commissioning.

3. Provide engineering and technical expertise to oversee and direct the correction of deficien-
cies found during the commissioning process.

4. Review operation and maintenance information and as-built drawings provided by the vari-
ous Contractors and vendors for verification, organization, and distribution.

5. The contractors and vendors shall provide assistance to the commissioning team to develop
and edit operation descriptions by system.

6.  Assist with training for the systems specified in Division 15 in coordination with the Con-
tractor.

PART 2 - PRODUCTS

2i1 TEST EQUIPMEMT
A. All industry standard test equipment required for performing the tests specified herein shall be
provided by the Commissioning Agency, with proprietary vendor specific test equipment to be
provided by the manufacturer.

B. The Commissioning Agency's instrumentation shall meet the following standards:

1. Be of sufficient quality and accuracy to test and/or measure system performance within the
tolerances required to determine adequate performance.

2. Be calibrated on the manufacturer's recommended intervals with calibration tags permanent-
ly affixed to the instrument being used.
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3. Be maintained in good repair and operating condition throughout the duration of use on this
project.

4. Be recalibrated/repaired if dropped and/or damaged in any way during use on this project.

PART 3 - EXECUTION

3.1 BASIS OF DESIGN DOCUMENTATION

A. Provide narratives to include design criteria and design intent for each system as itemized in Sec-
tion 3.2 below, with the addition of all supply and exhaust air-handling systems.

3.2 OPERATING DESCRIPTIONS BY SYSTEM

A. A narrative shall be prepared describing the operation of each system. The Contractor shall de-
velop from the contract specifications the draft document, the vendors shall have input into edit-
ing these narratives, and subsequently the Contractor shall then complete another interim edit.
Subsequently, the Contractor shall oversee training, re-editing, and publishing of the final opera-
tions narratives.

3.3 MAINTENANCE PROCEDURES

A. A narrative is to be prepared describing the Maintenance Procedures required for each system.
The Contractor shall develop from the contract specifications the draft document, the vendors and
manufacturer’s representative shall have input into editing these narratives, and subsequently the
Contractor shall then complete another interim edit. Subsequently, the Contractor shall oversee
training, re-editing, and publishing of the final maintenance procedures.

3.4 TECHNICAL REFERENCE MANUALS

A. Compile and organize vendor-provided equipment technical reference materials. This function
includes gathering, inventory, editing, and review.

B. The equipment manufacturer must provide standard technical literature relative to the operation
and maintenance of the provided equipment. The literature shall be specifically orientated to the
provided equipment indicating all operation and maintenance procedures, parts lists, assem-
bly/disassembly diagrams, and related information. Wiring diagrams must be complete and spe-
cific to the equipment provided.

C. The Commissioning Agency must incorporate the standard technical literature into a systems spe-
cific format for this facility as designed, and as actually installed. The resulting operation and
maintenance information shall be system specific, concise, and to the point, and above all tailored
specifically to this facility.

3.5 OBSERVE CONSTRUCTION
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A. This is an additional and separate activity from that provided by the RE. This is additional con-
struction observation required as part of the commissioning process to be provided by the Com-
missioning Agency.

3.6 TEST AND BALANCE

A. Air balance and equipment capacity verification shall be completed by an independent Test and
Balance firm under contract to the Contractor in accordance with Specification Section 23 05 93.

3.7 FUNCTIONAL PERFORMANCE TEST PROCEDURES

A. Personnel experienced in the technical aspects of each system to be commissioned shall develop
and document the commissioning procedures to be used. Include a performance checklist and
performance test data sheets for each system based upon actual system configuration. These pro-
cedures shall be reviewed and edited by the appropriate Commissioning Agency engineers for
technical depth, clarity of documentation, and completeness. Special emphasis shall be placed on
testing procedures that shall conclusively determine actual system performance and compliance
with the design intent.

B. The majority of mechanical equipment requires integral safety devices to stop and/or prevent
equipment operation unless minimum safety standards or conditions are met. This could include
adequate oil pressure, proof-of-flow, non-freezing conditions, maximum head pressure etc. The
Commissioning Agency must observe the actual performance of safety shutoffs in a real or close-
ly-simulated condition of failure.

C. Systems may include safety devices and components that control a variety of equipment operat-
ing as a system. Interlocks may be hardwired or installed via software. These interlocks shall al-
so be verified by the Commissioning Agency.

D. The Commissioning Agency must determine the acceptance procedures for each system within
Divisions 23 disciplines. The acceptance procedures must incorporate the commissioning stand-
ards and successful testing results as referred to throughout Divisions 23 specifications.

E. The appropriate contractor and vendor(s) must be informed before commissioning is started what
the tests and expected results will be. Whereas some test results and interpretations may not be-
come evident until the actual test are performed, all parties should have a reasonable understand-
ing of the requirements. The commissioning plan must address those requirements and be dis-
tributed to all parties involved with that particular system.

F. Acceptance procedures must confirm the performance of systems to the extent of the design in-
tent. When a system is accepted, the FAA must be assured that the system is complete, works as
intended, is correctly documented, and is trained in the operation and maintenance of the system.

3.8 Omitted
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3.9 FUNCTIONAL PERFORMANCE TESTING-OBSERVATION

A. The functional performance test shall be done by the contractors and vendors. The appropriate
engineers and technicians who have significant field expertise with the appropriate system shall
witness, verify, and assist with the tests.

B. Tests shall be completed comprehensively and to the extent to enable the Commissioning Agency
to assure the FAA that the systems do perform to the full intent of the design. Once a system has
successfully passed the performance testing, as addressed by the Commissioning Agency, the
Commissioning Agency shall become responsible to the FAA for adequate system performance
with reasonable margin for normal system degradation and given normal operation and mainte-
nance procedures.

3.10 TRAINING

A. Provide assistance in coordination with the Contractor for operations training for the FAA's staff
for each system using videotape documentation. Training shall be in a classroom setting with the
appropriate schematics, handouts and visual/audio training aids.

B. The Commissioning Agency shall host each training session with program overview and curricu-
lum guidance.

C. The equipment vendors shall provide training on the specifics of each system and philosophy,
troubleshooting, and repair techniques.

D. The installation contractors shall provide training on peculiarities specific to this project and job
specific experience.

3.11 RECORD DRAWINGS

A. Provide assistance to the Contractor in production of the red-line As-Built contract documents to
incorporate design changes and contractor records of construction.

3.12 COMMISSIONING PLAN AND SCHEDULE

A. The Commissioning Agency shall develop an integrated schedule for the Commissioning Process
with the construction schedule. Included shall be the required work by all team members, con-
tractors, and FAA. (Overlay with construction schedule, functional performance testing, and input
to contractors).

3.13 EXCLUSIONS

A. Responsibility for construction means and methods. The Commissioning Agency is not respon-
sible for construction means, methods, job safety, or any management function on the job site.

B. Hands-on work by the Commissioning Agency. The Contractor shall provide all technician ser-
vices requiring tools or the use of tools to test, adjust or otherwise bring equipment into fully op-
erational state. The Commissioning Agency shall observe technicians as they complete testing,
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and may make minor adjustments, but shall not perform construction or technician services other
than normal test and balance functions.

END OF SECTION 23 08 20

HVAC COMMISSIONING - GENERAL 230820-7



FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING
FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 2011

THIS PAGE INTENTIONALLY LEFT BLANK

HVAC COMMISSIONING — GENERAL 230820-8



FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING
FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 2011

SECTION 23 31 13 - METAL DUCTS

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Single-wall rectangular ducts and fittings.
Single-wall round ducts and fittings.
Double-wall rectangular ducts and fittings.
Double-wall round ducts and fittings.
Sheet metal materials.

Duct liner.

Sealants and gaskets.

Hangers and supports.

ORI LA g Ll

1.2 PERFORMANCE REQUIREMENTS

A.  Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint
construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible" and performance requirements and design
criteria indicated in "Duct Schedule" Article.

B.  Structural Performance: Duct hangers and supports shall withstand the effects of gravity and
stresses within limits and under conditions described in SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" ASCE/SEI 7. Refer to Section 23 05 48, “Vibration Controls
for HVAC Piping and Equipment” for force calculation requirements.

C.  Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in
ASHRAE 62.1-2004.
1.3 SUBMITTALS
A.  Product Data: For each type of the following products:

I Liners and adhesives.
2. Sealants and gaskets.

B.  Shop Drawings:

15 Fabrication, assembly, and installation, including plans, elevations, sections, components,
and attachments to other work.

2. Factory- and shop-fabricated ducts and fittings.

3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
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4. Elevation of top of ducts.
3, Dimensions of main duct runs from building grid lines.
6. Fittings.
7 Reinforcement and spacing.
8. Seam and joint construction.
0. Penetrations through fire-rated and other partitions.
10.  Equipment installation based on equipment being used on Project.
11.  Locations for duct accessories, including dampers, turning vanes, and access doors and

1.4

panels.
12, Hangers and supports, including methods for duct and building attachment, seismic
restraints, and vibration isolation.

Delegated-Design Submittal:

Sheet metal thicknesses.

Joint and seam construction and sealing.

Reinforcement details and spacing.

Materials, fabrication, assembly, and spacing of hangers and supports.

Design Calculations: Calculations, including analysis data signed and sealed by the
qualified Licensed Professional Engineer responsible for their preparation for selecting
hangers and supports.

AN —

Coordination Drawings: Plans, drawn to scale, on which the following items are shown and
coordinated with each other, using input from installers of the items involved:

s Duct installation in congested spaces, indicating coordination with general construction,
building components, and other building services. Indicate proposed changes to duct
layout.

2 Suspended ceiling components.

Welding certificates.

Field quality-control reports.

QUALITY ASSURANCE

Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M,
"Structural Welding Code - Steel," for hangers and supports. AWS D9.1M/D9.1, "Sheet Metal
Welding Code," for duct joint and seam welding.

Welding Qualifications: Qualify procedures and personnel according to the following:

i AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.
2. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems
and Equipment" and Section 7 - "Construction and System Start-Up."
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D.

ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004,
Section 6.4.4 - "HVAC System Construction and Insulation."

PART 2 - PRODUCTS

2.1

22

A.

B.

SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS

General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise
indicated.

Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 1-4, "Transverse (Girth) Joints," for static-
pressure class, applicable sealing requirements, materials involved, duct-support intervals, and
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 1-5, "Longitudinal Seams - Rectangular
Ducts," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Chapter 2, "Fittings and Other Construction," for static-pressure class, applicable
sealing requirements, materials involved, duct-support intervals, and other provisions in
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

SINGLE-WALL ROUND DUCTS AND FITTINGS

General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on
indicated static-pressure class unless otherwise indicated.

I; Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

Lindab Inc.

McGill AirFlow LLC.
SEMCO Incorporated.

Sheet Metal Connectors, Inc.
Spiral Manufacturing Co., Inc.

oo o

Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-2, "Transverse Joints - Round Duct," for
static-pressure class, applicable sealing requirements, materials involved, duct-support intervals,
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2.3

and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

1, Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged.

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-1, "Seams - Round Duct and Fittings,"
for static-pressure class, applicable sealing requirements, materials involved, duct-support
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible." Spiral duct with helical lock seams are preferred over field assembled round duct
with longitudinal seams to reduce duct leakage.

1. Fabricate round ducts larger than 90 inches in diameter with butt-welded longitudinal
seams.
2. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) with butt-

welded longitudinal seams.

Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and
Figure 3-5, "Conical Tees," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

DOUBLE-WALL RECTANGULAR DUCTS AND FITTINGS

General Fabrication Requirements: Double-wall Rectangular Duct shall be manufactured with
solid metal inner wall and solid metal outer wall, and insulation blanket or foam-injected
insulation in between. Insulation shall be no less than R-4. Duct shall be manufactured,
assembled and installed to meet SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

1. Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

ECO Duct Products, Inc.
Lindab Inc.

SEMCO Incorporated.

Sheet Metal Connectors, Inc.
Spiral Manufacturing Co., Inc.

oan o

Transverse Joints: Joint Types shall be flanged and gasketed, slip-connection, or manufacturer-
specific connection type. Joints shall be assembled in accordance with manufacturer
instructions as required to achieve Seal Class A, and compliant with SMACNA "HVAC Duct
Construction Standards - Metal and Flexible."
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Longitudinal Seams: Longitudinal seams shall be factory assembled and sealed in accordance
with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 1-5,
"Longitudinal Seams - Rectangular Ducts," for static-pressure class, applicable sealing
requirements, materials involved, duct-support intervals, and other provisions in SMACNA's
"HVAC Duct Construction Standards - Metal and Flexible." In order to avoid compromising
longitudinal seams, pre-assembled double-wall duct shall not be bent or physically distorted.

1. Fabricate round ducts larger than 90 inches in diameter with butt-welded longitudinal
seams.
2, Fabricate flat-oval ducts larger than 72 inches in width (major dimension) with butt-

welded longitudinal seams.

Tees and Laterals: Pre-manufactured fittings, assembled and installed in accordance with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-4, "90
Degree Tees and Laterals," and Figure 3-5, "Conical Tees," for static-pressure class, applicable
sealing requirements, materials involved, duct-support intervals, and other provisions in
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

DOUBLE-WALL ROUND DUCTS AND FITTINGS

General Fabrication Requirements: Double-wall Round Duct shall be manufactured spiral duct
with solid metal inner wall and solid metal outer wall, and insulation blanket or foam-injected
insulation in between. Insulation shall be no less than R-4. Duct shall be manufactured,
assembled and installed to meet SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

1. Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

Sheet Metal Connectors, Inc.
Spiral Manufacturing Co., Inc.

a. ECO Duct Products, Inc.
b. Lindab Inc.

(e McGill AirFlow LLC.

d. SEMCO Incorporated.
€.

i 7

Transverse Joints: Joint Types shall be flanged and gasketed, slip-connection, or manufacturer-
specific connection type. Joints shall be assembled in accordance with manufacturer
instructions as required to achieve Seal Class A, and compliant with SMACNA "HVAC Duct
Construction Standards - Metal and Flexible."

Longitudinal Seams: Helical (spiral) locked seams shall be used for double-wall round duct.
Longitudinal seams shall not be compromised by bending or deforming round duct into oval
shape where duct diameter exceeds clearance available. If oval duct is required, duct shall be
fabricated by the manufacturer for that shape.
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2.5

2.6

Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and
Figure 3-5, "Conical Tees," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

SHEET METAL MATERIALS

General Material Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct
construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting,
seam marks, roller marks, stains, discolorations, and other imperfections.

Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

1. Galvanized Coating Designation: G90.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.

Carbon-Steel Sheets: Comply with ASTM A 1008/A 1008M, with oiled, matte finish for
exposed ducts.

Factory- or Shop-Applied Antimicrobial Coating:

L. Apply to the surface of sheet metal that will form the interior surface of the duct. An
untreated clear coating shall be applied to the exterior surface.

2. Antimicrobial compound shall be tested for efficacy by an NRTL and registered by the
EPA for use in HVAC systems.

3. Coating containing the antimicrobial compound shall have a hardness of 2H, minimum,
when tested according to ASTM D 3363.
4. Surface-Burning Characteristics: Maximum flame-spread index of 25 and maximum

smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.

5 Shop-Applied Coating Color: Black.

6. Antimicrobial coating on sheet metal is not required for duct containing liner treated with
antimicrobial coating.

Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and
galvanized.

L. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum
ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

DUCT LINER

Fibrous-Glass Duct Liner: Comply with ASTM C 1071, NFPA 90A, or NFPA 90B; and with
NAIMA AH124, "Fibrous Glass Duct Liner Standard."”
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Known Acceptable Source: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

CertainTeed Corporation; Insulation Group.
Johns Manville.

Knauf Insulation.

Owens Corning.

Maximum Thermal Conductivity:

cpo o

1) Type I, Flexible: 0.27 Btu x in/h x sq. ft. x degF at 75 deg F mean
temperature.

2)  Typell, Rigid: 0.23 Btu x in/h x sq. ft. x degF at 75 deg F mean
temperature.

Antimicrobial Erosion-Resistant Coating: Apply to the surface of the liner that will form
the interior surface of the duct to act as a moisture repellent and erosion-resistant coating.
Antimicrobial compound shall be tested for efficacy by an NRTL and registered by the
EPA for use in HVAC systems.

Water-Based Liner Adhesive: Comply with NFPA 90A or NFPA 90B and with
ASTM C 916.

a. For indoor applications, use adhesive that has a VOC content of 80 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

B.  Natural-Fiber Duct Liner: 85 percent cotton, 10 percent borate, and 5 percent polybinding
fibers, treated with a microbial growth inhibitor and complying with NFPA 90A or NFPA 90B.

1.

Known Acceptable Source: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

a. Bonded Logic, Inc.
b. Reflectix Inc.

2 Maximum Thermal Conductivity: 0.24 Btu x in./h x sq. ft. x deg F at 75 deg F mean
temperature when tested according to ASTM C 518.

3. Surface-Burning Characteristics: Maximum flame-spread index of 25 and maximum
smoke-developed index of 50 when tested according to ASTM E 84; certified by an
NRTL.

4, Liner Adhesive: As recommended by insulation manufacturer and complying with
NFPA 90A or NFPA 90B.

(& Insulation Pins and Washers:

1

Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully
annealed for capacitor-discharge welding, 0.106-inch- diameter shank, length to suit
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.
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Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- thick
galvanized steel ; with beveled edge sized as required to hold insulation securely in place
but not less than 1-1/2 inches in diameter.

D.  Shop Application of Duct Liner: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Figure 2-19, "Flexible Duct Liner Installation."

1.

Adbhere a single layer of indicated thickness of duct liner with at least 90 percent adhesive
coverage at liner contact surface area. Attaining indicated thickness with multiple layers
of duct liner is prohibited.

Apply adhesive to transverse edges of liner facing upstream that do not receive metal
nosing.

Butt transverse joints without gaps, and coat joint with adhesive.

Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-
edge overlapping.

Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts,
unless duct size and dimensions of standard liner make longitudinal joints necessary.
Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm.
Secure liner with mechanical fasteners 4 inches from corners and at intervals not
exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not
exceeding 18 inches longitudinally.

Secure transversely oriented liner edges facing the airstream with metal nosings that have
either channel or "Z" profiles or are integrally formed from duct wall. Fabricate edge
facings at the following locations:

a. Fan discharges.
b. Intervals of lined duct preceding unlined duct.
€: Upstream edges of transverse joints in ducts where air velocities are higher than

2500 fpm or where indicated.

Secure insulation between perforated sheet metal inner duct of same thickness as
specified for outer shell. Use mechanical fasteners that maintain inner duct at uniform
distance from outer shell without compressing insulation.

a. Sheet Metal Inner Duct Perforations: 3/32-inch diameter, with an overall open
area of 23 percent.

Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning
vane assemblies, or other devices. Fabricated buildouts (metal hat sections) or other
buildout means are optional; when used, secure buildouts to duct walls with bolts, screws,
rivets, or welds.

4T SEALANT AND GASKETS

A.  General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index
of 50 when tested according to UL 723; certified by an NRTL.

B.  Two-Part Tape Sealing System:
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L. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified
acrylic/silicone activator to react exothermically with tape to form hard, durable, airtight
seal.

2 Tape Width: 3 inches .

3. Sealant: Modified styrene acrylic.

4. Water resistant.

5. Mold and mildew resistant.

6. Maximum Static-Pressure Class: 10-inch wg, positive and negative.

7. Service: Indoor and outdoor.

8. Service Temperature: Minus 40 to plus 200 deg F.

9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless

steel, or aluminum.
For indoor applications, use sealant that has a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

e

c Water-Based Joint and Seam Sealant:

Application Method: Brush on.

Solids Content: Minimum 65 percent.

Shore A Hardness: Minimum 20.

Water resistant.

Mold and mildew resistant.

VOC: Maximum 75 g/L (less water).

Maximum Static-Pressure Class: 10-inch wg, positive and negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

NPl v o) 1D e

D.  Flanged Joint Sealant: Comply with ASTM C 920.

General: Single-component, acid-curing, silicone, elastomeric.

Type: S.

Grade: NS.

Class: 25.

Use: O.

For indoor applications, use sealant that has a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

il B3 b

E. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
F. Round Duct Joint O-Ring Seals:

1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and shall be
rated for 10-inch wg static-pressure class, positive or negative.

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.

3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings
and fitting spigots.
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2.8 HANGERS AND SUPPORTS

A.  Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.

B.  Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized
rods with threads painted with zinc-chromate primer after installation.

C.  Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size," and Table 4-2,
"Minimum Hanger Sizes for Round Duct."

D.  Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.

E.  Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and
bolts designed for duct hanger service; with an automatic-locking and clamping device.

E. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible
with duct materials.

G.  Trapeze and Riser Supports:

L. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

PART 3 - EXECUTION

3:1

A.

B.

G.

DUCT INSTALLATION

Drawing plans, schematics, and diagrams indicate general location and arrangement of duct
system. Indicated duct locations, configurations, and arrangements were used to size ducts and
calculate friction loss for air-handling equipment sizing and for other design considerations.
Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and
Coordination Drawings.

Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible" unless otherwise indicated.

Install round ducts in maximum practical lengths.
Install ducts with fewest possible joints.

Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for
branch connections.

Unless otherwise indicated, install ducts vertically and horizontally, and parallel and
perpendicular to building lines.

Install ducts close to walls, overhead construction, columns, and other structural and permanent
enclosure elements of building.
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3.3

3.4

Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.

Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to
view, cover the opening between the partition and duct or duct insulation with sheet metal
flanges of same metal thickness as the duct. Overlap openings on four sides by at least 1-1/2
inches.

Protect duct interiors from moisture, construction debris and dust, and other foreign
materials. Comply with SMACNA's "Duct Cleanliness for New Construction Guidelines."

INSTALLATION OF EXPOSED DUCTWORK
Protect ducts exposed in finished spaces from being dented, scratched, or damaged.

Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use
two-part tape sealing system.

Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds,
and treat the welds to remove discoloration caused by welding.

Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings,
hangers and supports, duct accessories, and air outlets.

Repair or replace damaged sections and finished work that does not comply with these
requirements.

DUCT SEALING

Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct
Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

Leakage shall be minimized in accordance with SMACNA HVAC Duct Construction Standard
2005 and International Energy Conservation Code (IECC 2006) Chapter 8. Unless otherwise
specified in the Duct Schedule, HVAC Supply ducts shall meet Seal Class A: Return and
exhaust ducts shall meet Seal Class B; in accordance with SMACNA HVAC Air Duct Leakage
Test Manual, HVAC-DCS 2005.

HANGER AND SUPPORT INSTALLATION

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Chapter 4, "Hangers and Supports."

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners
appropriate for construction materials to which hangers are being attached.

METAL DUCTS 233113-11



FEDERAL AVIATION ADMINISTRATION ISSUED FOR BIDDING
FT. LAUDERDALE INTERNATIONAL ASR-9 FACILITY DECEMBER 5, 2011

3.5

3.6

fa—

Where practical, install concrete inserts before placing concrete.

2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for
slabs more than 4 inches thick.

4, Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for
slabs less than 4 inches thick.

=i Do not use powder-actuated concrete fasteners for seismic restraints.

Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum
Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports
within 24 inches of each elbow and within 48 inches of each branch intersection.

Hangers Exposed to View: Threaded rod and angle or channel supports.

Support vertical ducts with steel angles or channel secured to the sides of the duct with welds,
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16
feet.

Install upper attachments to structures. Select and size upper attachments with pull-out, tension,
and shear capacities appropriate for supported loads and building materials where used.

CONNECTIONS

Make connections to equipment with flexible connectors complying with Section 23 33 00 "Air
Duct Accessories."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
branch, outlet and inlet, and terminal unit connections.

PAINTING

Paint interior of metal ducts that are visible through registers and grilles and that do not have
duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.
Paint materials and application requirements are specified in Division 9 painting Sections.
FIELD QUALITY CONTROL

Perform tests and inspections.

Leakage Tests:

I Comply with SMACNA's "HVAC Air Duct Leakage Test Manual." Submit a test report

for each test.
2. Test the following systems:
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a. Ducts with a Pressure Class Higher Than 3-Inch wg: Test representative duct
sections, selected by COTR from sections installed, totaling no less than 50
percent of total installed duct area for each designated pressure class.

) Disassemble, reassemble, and seal segments of systems to accommodate leakage testing
and for compliance with test requirements.

4. Test for leaks before applying external insulation.

5 Conduct tests at static pressures equal to maximum design pressure of system or section
being tested. If static-pressure classes are not indicated, test system at maximum system
design pressure. Do not pressurize systems above maximum design operating pressure.

6. Give seven days' advance notice for testing.

C.  Duct System Cleanliness Tests:

1. Visually inspect duct system to ensure that no visible contaminants are present.

2, Test sections of metal duct system, chosen randomly by COTR, for cleanliness according
to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC
Systems."

a. Acceptable Cleanliness Level: Net weight of debris collected on the filter media
shall not exceed 0.75 mg/100 sq. cm.

D.  Duct system will be considered defective if it does not pass tests and inspections.

E.  Prepare test and inspection reports.

3.8 DUCT CLEANING

A.  Inspect duct systems before start-up, before testing, adjusting, and balancing, and after any
construction process which could create contamination of duct system. Clean duct systems that
have been contaminated with dust, particulate, or moisture before continued operation of
applicable HVAC system(s).

B.  Use service openings for entry and inspection.

1 Create new openings and install access panels appropriate for duct static-pressure class if
required for cleaning access. Provide insulated panels for insulated or lined duct. Patch
insulation and liner as recommended by duct liner manufacturer. Comply with Section
23 33 00 "Air Duct Accessories" for access panels and doors.

2 Disconnect and reconnect flexible ducts as needed for cleaning and inspection.

3 Remove and reinstall ceiling to gain access during the cleaning process.

. Particulate Collection and Odor Control:

1 When venting vacuuming system inside the building, use HEPA filtration with 99.97
percent collection efficiency for 0.3-micron-size (or larger) particles.

2 When venting vacuuming system to outdoors, use filter to collect debris removed from
HVAC system, and locate exhaust downwind and away from air intakes and other points
of entry into building.
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D.  Clean the following components by removing surface contaminants and deposits:

L
2.

5.

6.
7

Air outlets and inlets (registers, grilles, and diffusers).

Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply
and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive
assemblies.

Air-handling unit internal surfaces and components including mixing box, coil section,
air wash systems, spray eliminators, condensate drain pans, humidifiers and
dehumidifiers, filters and filter sections, and condensate collectors and drains.

Coils and related components.

Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and
mechanical equipment rooms.

Supply-air ducts, dampers, actuators, and turning vanes.

Dedicated exhaust and ventilation components and makeup air systems.

E. Mechanical Cleaning Methodology:

I

2.

an,

Clean metal duct systems using mechanical cleaning methods that extract contaminants
from within duct systems and remove contaminants from building.

Use vacuum-collection devices that are operated continuously during cleaning. Connect
vacuum device to downstream end of duct sections so areas being cleaned are under
negative pressure.

Use mechanical agitation to dislodge debris adhered to interior duct surfaces without
damaging integrity of metal ducts, duct liner, or duct accessories.

Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner
to get wet. Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated
or that has friable material, mold, or fungus growth.

Clean coils and coil drain pans according to NADCA 1992. Keep drain pan operational.
Rinse coils with clean water to remove latent residues and cleaning materials; comb and
straighten fins.

Provide drainage and cleanup for wash-down procedures.

Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agents if
fungus is present. Apply antimicrobial agents according to manufacturer's written
instructions after removal of surface deposits and debris.

39 START UP

A.  Air Balance: Comply with requirements in Section 23 05 93 "Testing, Adjusting, and
Balancing."

3.10 DUCT SCHEDULE

A.  Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:

B.  Supply Ducts:

1

Ducts Connected to Constant-Volume Air-Handling Units :

METAL DUCTS 233113-14
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a.
b.

Pressure Class: Positive 4-inch wg.
Minimum SMACNA Seal Class: A.

2; Ducts Connected to Equipment Not Listed Above:

a.
b.

Pressure Class: Positive 2-inch wg .
Minimum SMACNA Seal Class: A.

84 Return Ducts:

1. Ducts Connected to Air-Handling Units :

a.
b.

Pressure Class: Positive or negative 2-inch wg.
Minimum SMACNA Seal Class: B.

2. Ducts Connected to Equipment Not Listed Above:

a.
b.

Pressure Class: Positive or negative 2-inch wg.
Minimum SMACNA Seal Class: B.

D. Intermediate Reinforcement:

1. Galvanized-Steel Ducts: Galvanized steel or carbon steel coated with zinc-chromate
primer.
E. Liner:
1. Transfer Ducts: Natural fiber, 1 inch thick.

F.  Elbow Configuration:

I Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 2-2, "Rectangular Elbows."

a.
b.
€:

Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.

Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.
Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane
Runners," and Figure 2-4, "Vane Support in Elbows."

2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Figure 3-3, "Round Duct Elbows."

a.

Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-
1, "Mitered Elbows." Elbows with less than 90-degree change of direction have
proportionately fewer segments.

1) Velocity less than 1000 fpm: 1.0 radius-to-diameter ratio and four segments
for 90-degree elbow.

METAL DUCTS
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2)  Velocity 1000 fpm or Higher: 1.5 radius-to-diameter ratio and five
segments for 90-degree elbow.

b. Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated.
G.  Branch Configuration:

1 Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 2-6, "Branch Connections."

a. Rectangular Main to Rectangular Branch: 45-degree entry.
b. Rectangular Main to Round Branch: 45-degree entry.

2, Round and Flat Oval: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and Figure 3-5, "Conical
Tees." Saddle taps are permitted in existing duct.

a. Velocity 1000 fpm or Lower: 90-degree tap.

b. Velocity 1000 to 1500 fpm: Conical tap.
C. Velocity 1500 fpm or Higher: 45-degree lateral.

END OF SECTION 23 31 13
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SECTION 23 33 00 - AIR DUCT ACCESSORIES

PART 1 - GENERAL

1.1

A.

SUMMARY
Section Includes:

Backdraft and pressure relief dampers.
Barometric relief dampers.

Manual volume dampers.

Flange connectors.

Duct-mounted access doors.

Flexible connectors.

Flexible ducts.

Duct accessory hardware.

PN W~

SUBMITTALS
Product Data: For each type of product indicated.

l. For duct silencers, include pressure drop and dynamic insertion loss data. Include
breakout noise calculations for high transmission loss casings.

Shop Drawings: For duct accessories. Include plans, elevations, sections, details and
attachments to other work.

1. Detail duct accessories fabrication and installation in ducts and other construction.
Include dimensions, weights, loads, and required clearances; and method of field
assembly into duct systems and other construction. Include the following:

a. Special fittings.
b. Manual volume damper installations.

Operation and Maintenance Data: For air duct accessories to include in operation and
maintenance manuals.
QUALITY ASSURANCE

Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems,” and with
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

Comply with AMCA 500-D testing for damper rating.

AIR DUCT ACCESSORIES 233300-1
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1.4 EXTRA MATERIALS
A.  Furnish extra materials that match products installed and that are packaged with protective

covering for storage and identified with labels describing contents.

I. Fusible Links: Furnish quantity equal to 10 percent of amount installed.

PART 2 - PRODUCTS

241

2.2

A.

B.

C.

D.

A.

B.

MATERIALS

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
acceptable materials, material thicknesses, and duct construction methods unless otherwise
indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains,
discolorations, and other imperfections.

Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

1; Galvanized Coating Designation: G90.
2. Exposed-Surface Finish: Mill phosphatized.

Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on
galvanized sheet metal ducts.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

BACKDRAFT DAMPERS

Known Acceptable Source: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to, the
following:

Air Balance Inc.; a division of Mestek, Inc.
American Warming and Ventilating; a division of Mestek, Inc.
Cesco Products; a division of Mestek, Inc.
Duro Dyne Inc.

Greenheck Fan Corporation.

Lloyd Industries, Inc.

Nailor Industries Inc.

NCA Manufacturing, Inc.

. Pottorff; a division of PCI Industries, Inc.
10.  Ruskin Company.

11.  SEMCO Incorporated.

12, Vent Products Company, Inc.

N LA W~

Description: Gravity balanced.
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Maximum Air Velocity: 2000 fpm.
Maximum System Pressure: 2-inch wg.
Frame: 0.063-inch- thick extruded aluminum, with welded corners and mounting flange.

Blades: Multiple single-piece blades, maximum 6-inch width, 0.025-inch- thick, roll-formed
aluminum with sealed edges.

Blade Action: Parallel.

Blade Seals: Extruded vinyl, mechanically locked or Neoprene, mechanically locked.
Blade Axles:

1 Material: [Galvanized steel or Stainless steel.

Tie Bars and Brackets: Aluminum or Galvanized steel.

Return Spring: Adjustable tension.

Bearings: Steel ball or synthetic pivot bushings.

Accessories:

Adjustment device to permit setting for varying differential static pressure.
Counterweights and spring-assist kits for vertical airflow installations.

Chain pulls.
Screen Mounting: Front mounted in sleeve.

R Bt

a. Sleeve Thickness: 20-gage minimum.
b. Sleeve Length: 6 inches minimum.

Screen Mounting: Rear mounted.

Screen Material: Galvanized steel or Aluminum,.
Screen Type: Bird.

90-degree stops.

00 = Bhh

MANUAL VOLUME DAMPERS
Standard, Steel, Manual Volume Dampers:
1. Known Acceptable Source: Subject to compliance with requirements, available

manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

a. Air Balance Inc.; a division of Mestek, Inc.
b. American Warming and Ventilating; a division of Mestek, Inc.
C. Flexmaster U.S.A., Inc.
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8.

McGill AirFlow LLC.

METALAIRE, Inc.

Nailor Industries Inc.

Pottorff; a division of PCI Industries, Inc.
Ruskin Company.

Trox USA Inc.

Vent Products Company, Inc.

TR E@m e A

Standard leakage rating.
Suitable for horizontal or vertical applications.
Frames:

a. Hat-shaped, stainless]-steel channels, 0.064-inch minimum thickness.
b. Mitered and welded corners.
c. Flanges for attaching to walls and flangeless frames for installing in ducts.

Blades:

Multiple or single blade.

Parallel- or opposed-blade design.
Stiffen damper blades for stability.
Stainless-steel, 0.064 inch thick.

o op

Blade Axles: Galvanized steel or Stainless steel.

Bearings:
a. Molded synthetic or Stainless-steel sleeve.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full

length of damper blades and bearings at both ends of operating shaft.

Tie Bars and Brackets: Galvanized steel.

B. Standard, Aluminum, Manual Volume Dampers:

L

Known Acceptable Source: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

Air Balance Inc.; a division of Mestek, Inc.

American Warming and Ventilating; a division of Mestek, Inc.
Flexmaster U.S.A., Inc.

McGill AirFlow LLC.

METALAIRE, Inc.

Nailor Industries Inc.

Pottorff; a division of PCI Industries, Inc.

Ruskin Company.

Trox USA Inc.

Vent Products Company, Inc.

TIrEGR e e op

Standard leakage rating
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3. Suitable for horizontal or vertical applications.
4. Frames: Hat-shaped, 0.10-inch- thick, aluminum sheet channels; frames with flanges for
attaching to walls and flangeless frames for installing in ducts.
5. Blades:
a. Multiple or single blade.
b. Parallel- or opposed-blade design.
o Stiffen damper blades for stability.
d. Roll-Formed Aluminum Blades: 0.10-inch- thick aluminum sheet.
e. Extruded-Aluminum Blades: 0.050-inch- thick extruded aluminum.
6. Blade Axles: Galvanized steel or Stainless steel.
i Bearings:
a. Molded synthetic or Stainless-steel sleeve.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
8. Tie Bars and Brackets: Aluminum.

G Low-Leakage, Steel, Manual Volume Dampers:

1

Known Acceptable Source: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

Air Balance Inc.; a division of Mestek, Inc.

American Warming and Ventilating; a division of Mestek, Inc.
Flexmaster U.S.A., Inc.

McGill AirFlow LLC.

METALAIRE, Inc.

Nailor Industries Inc.

Pottorff; a division of PCI Industries, Inc.

Ruskin Company.

Trox USA Inc.

Vent Products Company, Inc.

D@ me a0 op

Low-leakage rating and bearing AMCA's Certified Ratings Seal for both air performance
and air leakage.

Suitable for horizontal or vertical applications.

Frames:

a. or Stainless-steel channels, 0.064 inch thick.

b. Mitered and welded corners.

c. Flanges for attaching to walls and flangeless frames for installing in ducts.

Blades:
a. Multiple or single blade.

b. Parallel- or opposed-blade design.
¢ Stiffen damper blades for stability.
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d. Stainless, roll-formed steel, 0.064 inch thick.

Blade Axles: Galvanized steel or Stainless steel.

Bearings:
a. Molded synthetic or Stainless-steel sleeve.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full

length of damper blades and bearings at both ends of operating shaft.

Blade Seals: Vinyl or Neoprene.
Jamb Seals: Cambered stainless steel or aluminum.
Tie Bars and Brackets: Galvanized steel or Aluminum.

Accessories:
a. Include locking device to hold single-blade dampers in a fixed position without
vibration.

D. Low-Leakage, Aluminum, Manual Volume Dampers:

1.

Known Acceptable Source: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

Air Balance Inc.; a division of Mestek, Inc.

American Warming and Ventilating; a division of Mestek, Inc.
Flexmaster U.S.A., Inc.

McGill AirFlow LLC.

METALAIRE, Inc.

Nailor Industries Inc.

Pottorff; a division of PCI Industries, Inc.

Ruskin Company.

Trox USA Inc.

Vent Products Company, Inc.

T E@R e s o

Low-leakage ratingand bearing AMCA's Certified Ratings Seal for both air performance
and air leakage.

Suitable for horizontal or vertical applications.

Frames: 0.10-inch- thick, aluminum sheet channels; frames with flanges for attaching to
walls and flangeless frames for installing in ducts.

Blades:

a. Multiple or single blade.

b. Parallel- or opposed-blade design.

. Roll-Formed Aluminum Blades: 0.10-inch- thick aluminum sheet.
d. Extruded-Aluminum Blades: 0.050-inch- thick extruded aluminum.
Blade Axles: Galvanized steel or Stainless steel.

Bearings:

a. Molded synthetic or Stainless-steel sleeve.
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b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.

8. Blade Seals: Vinyl or Neoprene.

9, Jamb Seals: Cambered stainless steel or aluminum.
10.  Tie Bars and Brackets: Galvanized steel or Aluminum.
11.  Accessories:
a. Include locking device to hold single-blade dampers in a fixed position without
vibration.
Jackshaft:

—

Size: l-inch diameter.

2 Material:  Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.

3. Length and Number of Mountings: As required to connect linkage of each damper in

multiple-damper assembly.

Damper Hardware:

. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick zinc-plated steel,
and a 3/4-inch hexagon locking nut.

2. Include center hole to suit damper operating-rod size.
3. Include elevated platform for insulated duct mounting.
FLANGE CONNECTORS

Known Acceptable Source: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to, the
following:

i Ductmate Industries, Inc.
2; Nexus PDQ; Division of Shilco Holdings Inc.
B: Ward Industries, Inc.; a division of Hart & Cooley, Inc.

Description: roll-formed, factory-fabricated, slide-on transverse flange connectors, gaskets, and
components.

Material: Galvanized steel.

Gage and Shape: Match connecting ductwork.

TURNING VANES

Known Acceptable Source: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to, the
following:
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1 Ductmate Industries, Inc.
2. Duro Dyne Inc.
3. METALAIRE, Inc.
4, SEMCO Incorporated.
3, Ward Industries, Inc.; a division of Hart & Cooley, Inc.

B.  Manufactured Turning Vanes for Metal Ducts: Curved blades of galvanized sheet steel; support
with bars perpendicular to blades set; set into vane runners suitable for duct mounting.

L Acoustic Turning Vanes: Fabricate airfoil-shaped aluminum extrusions with perforated
faces and fibrous-glass fill.

C.  General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible"; Figures 2-3, "Vanes and Vane Runners," and 2-4, "Vane Support in Elbows."

D.  Vane Construction: Double wall.

E. Vane Construction: Double wall for all ducts.

2.6 DUCT-MOUNTED ACCESS DOORS

A.  Known Acceptable Source: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to, the
following:

American Warming and Ventilating; a division of Mestek, Inc.
Cesco Products; a division of Mestek, Inc.

Ductmate Industries, Inc.

Flexmaster U.S.A., Inc.

Greenheck Fan Corporation.

McGill AirFlow LLC.

Nailor Industries Inc.

Pottorff; a division of PCI Industries, Inc.

Ventfabrics, Inc.

0.  Ward Industries, Inc.; a division of Hart & Cooley, Inc.

=6 00 =] Ehilh s e

B.  Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible"; Figures 2-10, "Duct Access Doors and Panels,"
and 2-11, "Access Panels - Round Duct."

1. Door:

a. Double wall, rectangular.
b. Galvanized sheet metal with insulation fill and thickness as indicated for duct
pressure class.

c. Vision panel.
d. Hinges and Latches: 1-by-1-inch butt or piano hinge and cam latches.
€. Fabricate doors airtight and suitable for duct pressure class.
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2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.
3. Number of Hinges and Locks:

a. Access Doors Less Than 12 Inches Square: No hinges and two sash locks.
s Access Doors up to 18 Inches Square: Two hinges and two sash locks.
& Access Doors up to 24 by 48 Inches: Three hinges and two compression
latches with outside and inside handles.
d. Access Doors Larger Than 24 by 48 Inches: Four hinges and two compression

latches with outside and inside handles.

C. Pressure Relief Access Door:

—

Door and Frame Material: Galvanized sheet steel.

2. Door: Double wall with insulation fill with metal thickness applicable for duct pressure
class.

Operation: Open outward for positive-pressure ducts and inward for negative-pressure
ducts.

Factory set at 10-inch wg.

Doors close when pressures are within set-point range.

Hinge: Continuous piano.

Latches: Cam.

Seal: Neoprene or foam rubber.

Insulation Fill: 1-inch- thick, fibrous-glass or polystyrene-foam board.

(F8]
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2.7 DUCT ACCESS PANEL ASSEMBLIES
A.  Known Acceptable Source: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to, the
following:
1: Ductmate Industries, Inc.
2. Flame Gard, Inc.
3. 3M.
Labeled according to UL 1978 by an NRTL.

Panel and Frame: Minimum thickness 0.0528-inch carbon steel.

o N w

Fasteners: Carbon steel. Panel fasteners shall not penetrate duct wall.

es!

Gasket: Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for
minimum 2000 deg F.

E. Minimum Pressure Rating: 10-inch wg, positive or negative.
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2.8 FLEXIBLE CONNECTORS

A.  Known Acceptable Source: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to, the
following:

i Ductmate Industries, Inc.

2 Duro Dyne Inc.

3. Ventfabrics, Inc.

4, Ward Industries, Inc.; a division of Hart & Cooley, Inc.

B. Materials: Flame-retardant or noncombustible fabrics.
C.  Coatings and Adhesives: Comply with UL 181, Class 1.

D.  Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to 2
strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet steel or 0.032-inch- thick
aluminum sheets. Provide metal compatible with connected ducts.

E.  Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.

1. Minimum Weight: 26 oz./sq. yd..
2. Tensile Strength: 480 Ibf/inch in the warp and 360 Ibf/inch in the filling.
3 Service Temperature: Minus 40 to plus 200 deg F.

F.  Outdoor System, Flexible Connector Fabric: Glass fabric double coated with weatherproof,
synthetic rubber resistant to UV rays and ozone.

1. Minimum Weight: 24 oz./sq. yd..
2 Minimum Tensile Strength: 500 Ibf/inch in the warp and 440 Ibf/inch in the filling.
3 Service Temperature: Minus 50 to plus 250 deg F.

G.  Thrust Limits: Combination coil spring and elastomeric insert with spring and insert in
compression, and with a load stop. Include rod and angle-iron brackets for attaching to fan
discharge and duct.

i Frame: Steel, fabricated for connection to threaded rods and to allow for a maximum of
30 degrees of angular rod misalignment without binding or reducing isolation efficiency.

2 Outdoor Spring Diameter: Not less than 80 percent of the compressed height of the
spring at rated load.

3. Minimum Additional Travel: 50 percent of the required deflection at rated load.

Lateral Stiffness: More than 80 percent of rated vertical stiffness.

5. Overload Capacity: Support 200 percent of rated load, fully compressed, without

deformation or failure.

Elastomeric Element: Molded, oil-resistant rubber or neoprene.

Coil Spring: Factory set and field adjustable for a maximum of 1/4-inch movement at

start and stop. '

>
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29 FLEXIBLE DUCTS
A.  Known Acceptable Source: Subject to compliance with requirements, available manufacturers

2.10

offering products that may be incorporated into the Work include, but are not limited to, the
following:

] Flexmaster U.S.A., Inc.
2. McGill AirFlow LLC,
3 Ward Industries, Inc.; a division of Hart & Cooley, Inc.

Insulated, Flexible Duct: UL 181, Class 1, 2-ply vinyl film supported by helically wound,
spring-steel wire; fibrous-glass insulation; polyethylene or aluminized vapor-barrier film.

Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.
Maximum Air Velocity: 4000 tpm.

Temperature Range: Minus 10 to plus 160 deg F.

Insulation R-value: Comply with ASHRAE/IESNA 90.1-2004

panl o

Insulated, Flexible Duct: UL 181, Class 1, multiple layers of aluminum laminate supported by
helically wound, spring-steel wire; fibrous-glass insulation; polyethylene or aluminized vapor-
barrier film.

1, Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.
2. Maximum Air Velocity: 4000 fpm.

5 Temperature Range: Minus 20 to plus 210 deg F.

4. Insulation R-value: Comply with ASHRAE/IESNA 90.1-2004 .

Insulated, Flexible Duct: UL 181, Class 1, aluminum laminate and polyester film with latex
adhesive supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene
or aluminized vapor-barrier film.

1: Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.
2, Maximum Air Velocity: 4000 fpm.

3. Temperature Range: Minus 20 to plus 210 deg F.

4. Insulation R-value: Comply with ASHRAE/IESNA 90.1-2004 .

Flexible Duct Connectors:

l. Clamps: Stainless-steel band with cadmium-plated hex screw to tighten band with a
worm-gear action in sizes 3 through 18 inches, to suit duct size.

DUCT ACCESSORY HARDWARE

Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap

and gasket. Size to allow insertion of pitot tube and other testing instruments and of length to

suit duct-insulation thickness.

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline
and grease.
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PART 3 - EXECUTION

3.1 INSTALLATION

A.  Install duct accessories according to applicable details in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous
Glass Duct Construction Standards," for fibrous-glass ducts.

B.  Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in
galvanized-steel ducts.

C.  Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to exhaust
fan unless otherwise indicated.

D.  Install volume dampers at points on supply, return, and exhaust systems where branches extend
from larger ducts. Where dampers are installed in ducts having duct liner, install dampers with
hat channels of same depth as liner, and terminate liner with nosing at hat channel.

1. Install steel volume dampers in steel ducts.
2. Install aluminum volume dampers in aluminum ducts.

E.  Setdampers to fully open position before testing, adjusting, and balancing.
E Install test holes at fan inlets and outlets and elsewhere as indicated.

G. Install duct security bars. Construct duct security bars from 0.164-inch steel sleeve,
continuously welded at all joints and 1/2-inch- diameter steel bars, 6 inches o.c. in each
direction in center of sleeve. Weld each bar to steel sleeve and each crossing bar. Weld 2-1/2-
by-2-1/2-by-1/4-inch steel angle to 4 sides and both ends of sleeve. Connect duct security bars
to ducts with flexible connections. Provide 12-by-12-inch hinged access panel with cam lock in
duct in each side of sleeve.

H.  Connect ducts to duct silencers rigidly.

L Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining
accessories and equipment at the following locations:

1; On both sides of duct coils.

2 Upstreamor downstream from duct filters.

3 At outdoor-air intakes and mixed-air plenums.

4. At drain pans and seals.

8 Downstream from manual volume dampers, control dampers, backdraft dampers, and
equipment.

6. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible links.
Access doors for access to fire or smoke dampers having fusible links shall be pressure
relief access doors and shall be outward operation for access doors installed upstream
from dampers and inward operation for access doors installed downstream from dampers.

75 At each change in direction and at maximum 50-foot spacing.

8. Upstream or downstream from turning vanes.
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9 Upstream or downstream from duct silencers.
10.  Control devices requiring inspection.
11.  Elsewhere as indicated.

Install access doors with swing against duct static pressure.
Access Door Sizes:

One-Hand or Inspection Access: 8 by 5 inches.
Two-Hand Access: 12 by 6 inches.

Head and Hand Access: 18 by 10 inches.

Head and Shoulders Access: 21 by 14 inches.
Body Access: 25 by 14 inches.

Body plus Ladder Access: 25 by 17 inches.

TN

Label access doors according to Section 23 05 53 "Identification for HVAC Piping and
Equipment" to indicate the purpose of access door.

Install flexible connectors to connect ducts to equipment.

Connect flexible ducts to metal ducts with draw bands.

Install duct test holes where required for testing and balancing purposes.

Install thrust limits at centerline of thrust, symmetrical on both sides of equipment. Attach
thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start
and stop of fans.

FIELD QUALITY CONTROL

Tests and Inspections:

L. Operate dampers to verify full range of movement.

2. Inspect locations of access doors and verify that purpose of access door can be
performed.

3: Inspect turning vanes for proper and secure installation.

END OF SECTION 23 33 00
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SECTION 23 37 13 - DIFFUSERS, REGISTERS, AND GRILLES

PART | - GENERAL

1.1

A.

1.2

A.

B.

G

SUMMARY

Section Includes:

1. Louver face diffusers.
2. Fixed face grilles.
SUBMITTALS

Product Data: For each type of product indicated, include the following:

L

2.

Data Sheet: Indicate materials of construction, finish, and mounting details; and
performance data including throw and drop, static-pressure drop, and noise ratings.
Diffuser, and Grille Schedule: Indicate drawing designation, room location, quantity,
model number, size, and accessories furnished.

Samples for Initial Selection: For diffusers and grilles with factory-applied color finishes,

PART 2 - PRODUCTS

A.

Louver Face Diffuser:

vt BN

Known Acceptable Source: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

A-J Manufacturing Co., Inc.

Anemostat Products; a Mestek company.
Carnes.

METALAIRE, Inc.

Nailor Industries Inc.

Price Industries.

Titus.

Tuttle & Bailey.

S0e e s o

Devices shall be specifically designed for variable-air-volume flows.
Material: Aluminum.

Finish: Baked enamel, off white.

Mounting: Surface.

Pattern: Two-way Adjustable core style.
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22 REGISTERS AND GRILLES
A. Fixed Face Grille:

2.3

A.

k. Known Acceptable Source: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

a. A-J] Manufacturing Co., Inc.
b. Anemostat Products; a Mestek company.
%, Carnes.
d. Dayus Register & Grille Inc.
e. Hart & Cooley Inc.
f. Krueger.
g, Nailor Industries Inc.
h. Price Industries.
L. Titus.
1 Tuttle & Bailey.
2 Material: Aluminum.
3 Finish: Baked enamel, off white
4, Face Arrangement: 1/2-by-1/2-by-1/2-inch grid.
5 Core Construction: [Integral] [Removable].
6. Mounting: Lay in.
SOURCE QUALITY CONTROL

Verification of Performance: Rate diffusers, registers, and grilles according to ASHRAE 70,
"Method of Testing for Rating the Performance of Air Outlets and Inlets."

PART 3 - EXECUTION

3.1

A.

B.

3.2

A,

B.

EXAMINATION
Examine areas where diffusers, registers, and grilles are to be installed for compliance with
requirements for installation tolerances and other conditions affecting performance of

equipment.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install diffusers, registers, and grilles level and plumb.

Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and
maintenance of dampers, air extractors, and fire dampers.
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33 ADJUSTING

A.  After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed,
before starting air balancing.

END OF SECTION 23 37 13
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SECTION 23 41 00 - PARTICULATE AIR FILTRATION

PART | - GENERAL

1.1 SUMMARY
A. Section Includes:

1. Pleated panel filters.

1.2 SUBMITTALS

A.  Product Data: For each type of product indicated. Include dimensions; operating
characteristics; required clearances and access; rated flow capacity, including initial and final
pressure drop at rated airflow; efficiency and test method; fire classification; furnished
specialties; and accessories for each model indicated.

B. Shop Drawings: For air filters. Include plans, elevations, sections, details, and attachments to

other work.

1. Show filter rack assembly, dimensions, materials, and methods of assembly of
components.

2. Include setting drawings, templates, and requirements for installing anchor bolts and
anchorages.

1.3 QUALITY ASSURANCE
A.  ASHRAE Compliance:
1. Comply with applicable requirements in ASHRAE 62.1, Section4 - "Outdoor Air
Quality"; Section5 - "Systems and Equipment"; and Section 7 - "Construction and
Startup."
2. Comply with ASHRAE 52.1 for arrestance and ASHRAE 52.2 for MERYV for methods of

testing and rating air-filter units.

B.  Comply with NFPA 90A and NFPA 90B.

1.4 EXTRA MATERIALS

A.  Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.

I Provide one complete set(s) of filters for each filter bank.
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PART 2 - PRODUCTS

2.1 PLEATED PANEL FILTERS

A.  Description: Factory-fabricated, self-supported, extended-surface, pleated, panel-type,
disposable air filters with holding frames.

13 Known Acceptable Source: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include, but are
not limited to, the following:

AAF International.
Airguard.

Camfil Farr.

Columbus Industries, Inc.
CRS Industries, Inc.; CosaTron Division.
D-Mark.

Filtration Group.
Flanders-Precisionaire.
Koch Filter Corporation.
Purafil, Inc.

Research Products Corp.
Tri-Dim Filter Corporation.

mRT PR MO A O

B.  Filter Unit Class: UL 900, Class 1.
C.  Media: Mixed synthetic fibers] coated with nonflammable adhesive.

1. Adhesive shall have a VOC content of 80 g/L. or less when calculated according to
40 CFR 59, Subpart D (EPA Method 24).

Media shall be coated with an antimicrobial agent.

Separators shall be bonded to the media to maintain pleat configuration.

Welded wire grid shall be on downstream side to maintain pleat.

Media shall be bonded to frame to prevent air bypass.

Support members on upstream and downstream sides to maintain pleat spacing.

S bt o

D.  Filter-Media Frame: Cardboard frame with perforated metal retainer sealed or bonded to the
media.

E.  Mounting Frames: Welded galvanized steel, with gaskets and fasteners; suitable for bolting
together into built-up filter banks.
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PART 3 - EXECUTION

34

A.

32

INSTALLATION

Position each filter unit with clearance for normal service and maintenance. Anchor filter
holding frames to substrate.

Install filters in position to prevent passage of unfiltered air.

Do not operate fan system until filters (temporary or permanent) are in place. Replace
temporary filters used during construction and testing with new, clean filters.

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.

Tests and Inspections:

1. Operate automatic roll filters to demonstrate compliance with requirements.
2 Test for leakage of unfiltered air while system is operating.

Air filter will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

CLEANING

After completing system installation and testing, adjusting, and balancing of air-handling and
air-distribution systems, clean filter housings and install new filter media.

END OF SECTION 23 41 00
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